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The plateau in fig. 2 presm.l* lowi.nl the lower 
land an o*arp...ci.t, or front, which is na.de up 

of mudstones, forming the cliffs, and slides, conti
nuing the slope*. »« shown at the extreme left of 
the section. The hroad belt of lower land is trav
erse.! by several ridges, which arc seen in the sec
tion to correspond to the oul<rO|»ofo lad of Kin.l- 
stotte that rises to tl.esnrfa.-c. The upturned cilgce 

! „f ,hi* lad for... the ridge*, mid the intermediate 
vallcvs fidlow the ouU.TO|« of limestone and calca

reous slrab-. .
I When- the rdges «f the strata ap|.s.r a. lira |
! surface their tl.kkm* can !«• nuratntwl .....I • ,

angles at which they dip 1-h.w the si.rf.Hv ran 1* . 
1 i4««rvnl Tfiu* llwir |nwim** i»n«l«tj{niim'l |
W infernal. ..........im.i........ .at the inlramsihra rf
a laal with a horizontal plane will take is called 
the strife. The inclination of the lad to the bon- | 
sontal plane, measured at rigid angles to tl.estr.ke, 

is railed the dip.
Strata me frequently curved in troughs and 

arches, such as arc sen, in lip. 2. The ..n hes ...e 
called nnt.Wiars and the troughs «y,Wines. Hut
the sandstones, shales......I limestones were depn-
ilod beneath the sen ill nearly lint sheet*; that tiny 
are now bent and folded is proof that fore.* have 
ffoui time 10 lime «iwwl iIh- vunWn M»rf;ioc lo 
wrinkle along certain wins- In !*•«*• ,l,e s,r,,“ 
are broken across and the parts laivc el.piad past 
arch otlier. Such breaks are termed faullt. 1 wo 

kinds of faults are shown in fig. 4.

I Ire lagiunilig of .h position 1.1 ihe -I.....• ■>!
-„„„| „.|. I lining this interval iho w hi-ls sul-
forvil nn-laiiiorplusni; they wen- tin- an.......f. i.i|o
live activity; and they went deeply enal«l. 'Ilm 
contact la-tween tlieservind ami third art* is another 
uneonfonnityi it mark* a lime interval la-twecw 

two periods of tts-k formation.
The section and laudsrape ill fig. 2 are ideal, hut 

Oiev illustrate n hitimis wliieli actually occur. I lie 
sections Oil the structunrsoction slavt are rclatisl to 
the maps ns the section in the figure i* rebl.d to 
the Inmtscupc. The profile of the surfii.v in tlm 
svvth.il rornsjionds to tlm actual aln|»w of the 
ground along the section line, and the depih from 

rhe surface of anv minenl-prodn. hip or walor- 
1 bearing stratum whtel. appars in the sr-rtion may 
I be measured by using the dalle of ll.e map.

Columnar arli-H ahrrl.—lilts *b.-rt cuitaili* a 
eom-ise rh-s iiptio of the sedimentary lom.aih.i.« 

which iKViir ill the ipimlranglc. It ptvw-nla a 
summary of the facts relating to iho rhanK-Ur 
nf Ihe rock*, the thickmse of tlm formsliou*. and 
lli,. .„.|,r of nerrnmabahm ->f *u.sss*-ive d. |—its.

The UK-ks are I.rielly drwrilnsl, and llo ir rhur- 
[ aeters are il.din.leil in ll.e n4ui.il.,.r diagram. 
The ihickiHWMS of form uions are given in liguns 

| which sun- tlm bast »'"• r"al.'l nHasuretmerls.
I mid the average ihicknem of to. b is sIh.wu hi tl»
I column, which is drawn to a nrale-usw.lly l'**»
! fed to 1 inch. The onler of accumulation ol the 

I ardiim-iils is shown in the columnar arrangement— 
the oldrat fonuathm at the botH.ni, the youngest at 

the lop.
The intm-als of time which cortrajaind to events 

of uplift and degradation and constitute intemi|“ 
lions of deposition ore imliralvrl graphically and by 

Ihe word “ unconformity.”
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—n - ’• .. uj-.vwimi »m* rviii-
** nr imnv lions. Tin* arrangement of ruck* iii the earth is 
. ttowit f!i«* ! I lie earth's structure, siutl u section exhibiting this 

liicJi is a . arrangement is mil I ini a structure section.
'»• sy winds | The geologist is not limited, however, to the 

ihs of tlie i natural ami artificial cuttings for his information 
r«lcr (from * 1 concerning the earth's structure. Knowing the 
-signed to j manner of formation of rocks, ami having traced 
'Me. out llic relations among the licds on the surface, lie

can infer their relative positions after they pa>w 
I Kill with the surface, ami csin draw sections repn*- 

rtns have I senting the structure of the earth to u considerable 

depth. 8ueh a section exhibits what would he 
seen in the side of a cut ting many miles long mid 
several thousand feet deep. This is illustrated in 
the following figure:
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ertii-ul HWtiiHi jit. the front ami n
lamJx'viitv beyond.

inferred. lienee that portion of the section delin
eates what is praluihly tme lint is not known i»v 
observation or well-founded inference.

The section in tig. 2 shows three sets of forma
tions, distinguished hv their underground relations. 
The npjterniost of these, set'll at the left of the 
suction, is a set of sandstones and shales, which lie 
in a horizontal position. These sedimentary strata 
are now high above the sea, forming a plateau, and 
their change of elevation shows that a portion 

• of the earth’s mass lias been raised from a lower
| to a higher level. The strata of this set are 
j parallel, a relation which is called confunutihle.

The second set of formations consists of strata
1 which form arches and troughs. These strata were 
once continuous, hut the crests of the arches have 
Ihvii removed hv degradation. The beds, like 
those of the first set, are conformable.

The horizontal strata of the plateau rest upon 
the upturned, eroded edges of the IhiU of tlie 
second set at the left of the section. The overlying 

| deposits arc, from their positions, evidently younger 
than the underlying formations, and the bending

dll’ is an | Tlie figure repiweut* a' landscape which is cut. and degradation of the older strata must have 
ny roc k, i off sharply in the foreground on a vertical plane, 
channels, ! so us to show the underground relations of the

making rocks. The kinds of rock are indicated hv

usually a j are generally used in sections to represent tin 
teyruded) commoner kinds of rock:

•et to the 
wly wear ; 

- material ; 
the flow | 

below sen 
bascule cel 
long time 
degraded 

'‘ne'e thus j 
• tract is ! 
top is a 

<ea level.
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the areas Viiwivf nrul boiMcJ iciwoim mek*.

| occurred ImjIwccii the clejKwiliot: of the older bods 
and tlie accumulation of the younger. When 

icy appro- younger rocks thus rest upon mi eroded surface 
ilrst built ; printc symbols of lines, dots, and dashes. These of older rocks the relation between the two is 

he si lap- j symbols admit of nmeli variation, but tlie following j an unconformnblc one, and their surface of contact
is an unconformity.

The third set of formations consists of crystalline 
schists and igneous rocks. At some period of their 
history the schists were plicated by jiressure and 
traversed by eruptions of molten rock. Rut tlie 
jiressure and intrusion of igneous rocks have not 
a fleet ed the overlying strata of the second set. 
Tims it is evident that a eonsideralde interval * 
elapsed between the formation of the schists and 
the loginning of deposition of tlie strata of the 
second set .During this interval the whists suf
fered metamorphism; they were the scene of entjj- 
tivc activity; and they were deeply eroded. The 
contact between the second and third sets is auother 
unconformity; it marks a time interval between 
two jieriods of rock formation.

Tlie section and landscape iu fig. 2 are ideal, but 
they illustrate relations which actually occur. The 
sections on the strumm-section sheet are related to 
the maps as the section in the figure is related to 
the landscape. The profile of the surface in the 
section corresponds to tlie actual slopes of the 
ground along the section line, and the depth from 
the sui-face of any mineral-producing or wntcr- 
lienring stratum which appears in tlie section may 
he measured by using the scale of the map.

Culuinnnr section sturl.—This sheet contains a 
concise description of tlie sedimentary formations 
which occur in the ipuidraiigle. It presents a 
summary of the facts relating to the character 
of the rocks, the thickness of the formations, and 
tlie order of accumulation of successive dejxisits.

The rocks are briefly described, and their char
acters are indicated in the columnar diagram. 
The thicknesses of formations are given in figures 
which state the least and greatest measurements, 
ami the average thickness of each is shown in the 
column, which is drawn to a wale—usually 1000 
feet to 1 inch. The order of accumulation of the 

. sediments is shown in the columnar t»rmngcnicnt— 
the oldest formation at the bottom, tlie voungest at

tbc uvtr- 3.—SvihIkjI* uwcdfij wsdiniut to represent difTi’rvnt kind#
of rocks.

imp. To
Item and | Tlie plateau in lig. 2 presents toward the lower 
. for that ! land an escarpment, or front, which is made up 
where lie of sandstones, funiiin«*rfie cliffs, and shales, eonsti- 
thc for- titling the slopes, as shown at the extreme left of 

i n forma- j the section. The broad belt of lower land is trav- 
gend and creed by several ridges, which are seen in the see- 
as on the - tion to correspond to the outcrojwof a bed of sand* 
• may be stone that rises to the surface. The upturned edges 

' of this bed form the ridges, and the intermediate 
nt of the j valleys follow the outcrops of limestone and ealcn- 
amingud reous shale.

•onling to | Where the edges of the strata npjKxir at the 
ryxlallmo . surface their thickness can he measured and the 

mtip they 1 angles at which tliev dip la-low tlie surface can he 

nown. the i observed. Thus their positions underground can 
I be inferred. The direction that tlie intersection of 

resents the I a bed with a horizontal plane will take is called 

. showing , the strike. The inclination of the hod to the hnri- 
es and to 1 zontal plane, measured nt right angles to the strike.
us which ! is called the dip.
IIy shown I Strata are fretpiently curved in troughs and

rhe areal 1 arches, such as are seen in fig. 2. The arches arc j the top. *
• t! luick- 1 callwl anticlines and the troughs syncUncs. Jlut Tin* intervals of time wliich correspond to events 
vo forma- the sandstones, si»ales, and limestones were depos- ; of uplift nud degradation and constitute interrup-

A mine j ited beneath t!»e sea in nearly flat sheets; that they 
v, nccoin- ! arc now bent and folded if* proof that forces have 

i mineral ' from time to time caused tlie earth's surface to 
acre there j wrinkle along certain zones. Tn plata* the strata 

• artesian are broken across and the parts have slipj>ed past 
to show f each other. Such breaks are termed foot!*. Two

tions of deposition arc indicated graphically and by 
tlie word “unconformity.”

CHARLES D. WALCOTT, 

Director.
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GEOLOGY AND ORE DEPOSITS OF THE RICO DISTRICT, COLORADO

By Edwin T. McKnicht

ABSTRACT

The Rico district is in the Dolores River valley at the east 
end of Dolores County in southwestern Colorado. Mining 
has been actively carried on in the district since 1879. In 
the early days, silver was the chief product and was mined 
largely from Newman Hill sou:hcast of the town of Rico. 
After 1900, the base metals, particularly lead and zinc, 
mined in other parts of the district, became the major 
products, though silver remained an important byproduct. 
The production of the Rico district from 1879 to 19G8 has 
been about 83,000 ounces gold, 14,500,000 ounces silver, 5,000 
tons copper, 84,000 tons lead, and 83,000 tons zinc.

Bedrock in the district ranges in age from Precambrian 
to Permian. The older rocks are exposed in the valley of 
the Dolores River and its tributary, Silver Creek, near the 
center of a domni uplift on the east side of a monzonite stock 
that crops out west of the river at Rico. Precambrian rocks, 
which, arc faulted up in a horst biock on the eastern prolonga
tion of the monzonite stock, include an earlier complex of 
greenstone and metadioritc and the later Uncompahgrc 
Quartzite, which is at least 1,000 feet thick. The Uncom- 
pahgre Quartzite is overlain in the subsurface by the Ouray 
Limestone of Devonian, age; this is succeeded by the Lead- 
ville Limestone (Mississippian). which is the oldest Paleozoic 
formation that crops out. Combined thickness of the Ouray 
and Leadville is about ICO feet. Both formations have been 
metamorphosed by the monzonite intrusive body.

A quartzite from zero to perhaps SO feet thick has in 
previous reports on the district beer, considered as Devonian 
in age and then Cambrian. Because of structural and ero- 
sional complications near the center of the dome, the se
quential relations between this quartzite and the Devonian 
and Mississippian limestones cannot be determined from out
crops. Ho ever, drill-hole records indicate that the quartzite 
overlies the limestones, and fossiiifcrous chert pebbles found 
in this quartzite indicate that it cannot be older than Car
boniferous. It is here assigned- to basal Middle Pennsyl
vanian, named the Larsen Quartzite, and is considered to 
be the equivalent of the Molas Formation in other parts of 
the San Juan region.

The Hermosa Formation, of Middle Pennsylvanian age, 
is the most widely distributed formation in the mining dis
trict. It is about 2,800 feet thick in its best exposed section, 
and comprises arkoses, sandstones, shales, conglomerates, 
and interbedded fossiiifcrous limestones. Although minor 
limestone and dolomite are scattered through the formation, 
most of the limestones are concentrated in the middle ihird. 
Conglomerates are concentrated in the upper third, and the 
proportion of red beds increases toward the top of the forma
tion. Lateral variation in the proportions of the different 
rock types is extreme, and in the southeastern part of the 
district, clastic strata largely disappear from the middle part

of the section to produce a phase of the middle Hermosa 
that is thinner but is virtually all limestone. The Hermosa 
Formation is of great economic interest because most of the 
ore deposits of the district occur in it, particularly in its 
limestones.

The Hermosa is overlain conformably by the Rico Forma
tion, about 300 feet thick, of Middle and probably Late 
Pennsylvanian age. The Rico is dominantly a sandstone and 
arkose sequence, in part conglomeratic, but contains other 
lithologic types, including limy fossiiifcrous sandstones in 
which pelecypods and gastropods are conspicuous. Many of 
the strata arc red beds, though in general the rocks average 
little, if any, redder than the upper part of the Hermosa. 
The Rico is transitional on its lithologic and paleoccologic 
features between the Hermosa and Cutler Formations.

The highest formation exposed in the district is Uie Cutler 
Formation, a continental red-bed sequence of Early Permian 
age. Perhaps as much as 2,800 feet of strata remain, consist
ing of arkoses, conglomerates, sandstones, shales, and thin 
impure fresh-water limestones.

At the end of the Mesozoic Era the sedimentary sequence 
was intruded by sills and dikes of hornblende iatite porphyry, 
one of the sills being as much as 525 feet thick. Apparently 
at a later stage, the ensemble was intruded by a less silicic 
stock of monzonite whose present outcrop, west of the Dolores 
River at Rico, is about 2 miles long and 1 mile wide. Other 
igneous types include several dikes of alaskite porphyry and 
a single thin dike of lamprophyre. Pervasive metamorphism 
of the sedimentary strata extends for 0.4 mile east from 
the boundary of the stock, and more channelized meta
morphism extends to a maximum distance of 1.7 miles.

The dominant structure of the district is a faulted dome 
centered near the monzonite stock. The Rico mining dis
trict is on the northeast, east, and southeast sides of the 
dome. In the district the major faults near the stock trend 
generally east-west and border a central faulted horst block 
of Precambrian rock that has been uplifted at least 6,000 
feet. Farther from the stock are two other major faults of 
diagonal trend. The Princeton fault strikes northeast through 
the northern part of the mining district and has its upthrow 
on the northwest side. The Blackhawk fault cuts from 
northwest to southeast diagonally across the other faults 
and has its upthrow on the southwest side, toward the horst 
biock. The major faults that dominate the structural, pat
tern of the district are normal faults, and all except the 
Princeton fault are of steep dip. In addition, numerous bed
ding faults in the Hermosa Formation have been of con
siderable economic importance because they commonly 
afforded access of ore-bearing solutions to sites favorable 
for ore deposition.

The ore deposits of the district consist of (1) massive 
] sulfide replacement 'deposits in the limestones of the Hcr-
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2 GEOLOGY AND ORE DEPOSITS OF THE RICO DISTRICT, COLORADO

mosa Formation; (2) contacr-metamorphic deposits of sul
fides and iron oxides in limestones chiefly of the Ouray and 
Lendville Limestones but also of the Hermosa Formation; 
(3) veins on fractures and small faults in Hermosa sand
stones and arkoses; and (4) replacement deposits in residual 
debris resulting from the solution of a gypsum bed where 
broken by fissures in the lower Hermosa Formation.

The common sulfide minerals, present in all types of de
posits, are pvrite, sphalerite, galena, and chalcopyrite. A 
silver-bearing mineral of the tetrahedrite-tennantitc iso- 
morphous series is widely distributed. Rarer sulfides, gen
erally confined to certain types of deposits, include pyrrho- 
tite, cosalite, tetradymite, and alabandite. Although no longer 
of significance as ore minerals, several silver minerals ac
counted for much of the value in the lodes (types 3 and 
4 above) mined in Newman Hill before 1900. These include 
argentite, polybasite, proustite. pearceite, pyrargyrite. ar.d 
possibly stepiianitc and argyrodite. Native gold is generally 
a minor byproduct, but, locally, it has contributed materially 
to the value of the ore, particularly in some of the rich 
silver ore formerly mined in Newman Hill.

The common gangue minerals are quartz, fluorite, calciie, 
dolomite, manganoan sideriie, rhodochrosite, rhodonite, and 
sericite. Barite is of local occurrence. In the contact- 
metamorphic ores, specularite, magnetite, and chlorite are 
major gangues. Many other high-temperature silicates are 
only incidentally associated with the ores.

The massive sulfide replacement deposits in Hermosa lime
stone (type 1) have been the major source of ores in the 
20th century and account for practically all the current 
production. They are base-metal ores with byproduct silver 
and gold. Although found in the neighborhood of 'certain 
major faults such as the Biackhawk fault, the individual 
ore bodies are localized on minor breaks. A given ore body 
is centered on a fracture or minor fault and commonly in
volves the complete thickness of the limestone bed. Massive 
pyrite commonly replaces the ore bed adjacent to the feed
ing fracture, and sphalerite and galena, with variable, 
though generally sparse chalcopyrite, ring the periphery of 
the pyrite body. The pyritic masses yielded the sulfur for 
a large output of sulfuric acid for 9 years, starting in 1955. 
Some of the pyrite bodies have carried enough copper locally 
to have been mined as argentiferous copper ores. These re
placement ores have been found chiefly in two areas—in 
CHC Hill in the northern part of the district, and up Silver 
Creek, roughly III! miles east-northeast of Rico, respectively 
in the foot wall and hanging wall of the Princeton fault.

The contact-mctamorphic deposits (type 2) are likewise 
base-metal ores with byproduct silver and gold. They are 
less extensive than type 1, occurring only within or on the 
borders of the Rico townsite. They were exploited chiefly 
in the 1920’s and again during World War II but are not 
now productive. The base-metai sulfides occur in irregular 
pods scattered through masses of specularite, magnetite, 
and chlorite that are centered on fracture zones of small 
displacement.

The vein deposits (type 3) are widespread in association 
with the replacement deposits, but are generally too thin to 
be economically exploitable for base-metai ores. Locally, they 
may be worked over short stretches where they widen or are 
followed by development workings. Veins of a different 
mineralogic type, characterized by an abundance of rich 
hypogene silver minerals and appreciable gold in addition to 
the base-mctal sulfides, were worked in Newman Hill in the

southern part of the district during the ISSO’s and 1890’s but 
were "largely exhausted by 1900. These veins were in a 
northeast-trending system and were limited to a stratigraphic 
interval of about 150 feet, in sandstones and arkoses below 
a capping shaly zone in the lower Hermosa. The veins aver
aged only G inches thick, rarely reaching a thickness of 2 
or 3 feet. They pinched and were impoverished in the shales. 
In general, vein deposits are on faults of smali throw, those 
in Newman Hill having a displacement of less than 10 feet.

The replacement deposits in residual debris resulting from 
the solution of a gypsum bed (type 4) were also exhausted 
before 1900. They were closely related to the rich vein de
posits in Newman Hill, occurring in horizontal blanket or 
ribbonlike deposits overlying the apices of the veins. These 
so-called “contact” deposits were separated from the veins 
by a shaly interval, .5-20 feet thick, through which ex
tended only minor irregular stringers of the vein material. 
The contact deposits were from a few inches to 6 feet thick, 
as much as 40 feet wide centered over the apex of the 
related vein, and several hundred feet long following the 
strike of the vein. They occurred not only over the north
easterly veins, but over northwesterly veins that were barren 
in the vein zone. Mincralogically, the contact deposits were 
similar to the productive veins, but the ore averaged con
siderably richer.

INTRODUCTION

LOCATION AND GEOGRAPHY OF DISTRICT

The Rico district is near the east end of Dolores 
County, Colo. (fig. 1), in the Rico Mountains, a sub
sidiary group of peaks on the southwest fringe of 
the San Juan Mountains. Although the peaks are 
high relative to the plateau country on the west and 
southwest, they are low relative to the San Juan 
Mountains. The highest point is Biackhawk Peak, 
at 12,677 feet, 2\A miles east of the town of Rico. 
Other peaks that more closely overlook the town, 
all more than 12,000 feet in altitude, are Dolores 
Mountain to the southeast, Telescope Mountain to 
the northeast, and Expectation Mountain across the 
river to the west. The headwaters of the Dolores 
River flow south through the heart of the district, 
and Rico is on its east bank at the confluence of 
Silver Creek. This creek comes from the northeast 
between Telescope Mountain and high spurs, includ
ing Harts Peak, that extend out from Biackhawk 
Peak.

The lower slopes of the Rico district are generally 
mantled by wash, talus, and landslide debris that 
has slid down from the higher hilis. Alluvial fans 
are extensive at the mouths of the larger creeks. The 
general effect has been to limit the rock outcrops 
at lower levels, including much of the mineralized 
area. The outstanding exception is Sandstone Moun
tain, on the west side of the river, 2 miles north of 
Rico. Here, an extensive landslide off the west slope 
of Telescope Mountain has pushed the Dolores River 
against its west bank, so oversteepening the slope
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Figure 1.—Index map of southwestern Colorado showing- location of the Rico district.

that most talus debris on that side has gone into the 
river and has been distributed in the alluvial ma
terial along the valley below. The resultant outcrop 
face on Sandstone Mountain exposes a stratigraphic 
section that has been of utmost importance in de
ciphering the geology of the district. Elsewhere in

the district, indifferent outcrops yield only partial 
sections that can be interpreted only by reference 
to the Sandstone Mountain section or to under
ground exposures.

The hills have a discontinuous forest cover in 
which aspen, Colorado blue spruce, and Englemann
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spruce at higher levels are dominant types. The 
timberline is at about 11,500 feet.

Although some mineralized ground is on the west 
side of the river opposite Rico, the major produc
tion from the district has come from mines east of 
the river. Some of these mines have been in blocks 
of ground mantled by thick wash and landslide 
debris. Because of their importance as mining areas, 
some of these mantled lower slopes of the moun
tains have been given special names. Thus, CHC 
Kill is the lower west slope of Telescope Mountain, 
and Newman Hill is the lower west slope of Dolores 
Mountain. The major mineral production has come 
from CHC Hill;-from Nigger Baby Hill, which is 
the long spur that extends southwest from Tele
scope Mountain and overlooks Rico; from the valley 
of Silver Creek about miles northeast of Rico; 
and from Newman Hill.

In the early production of the district, silver was 
the major economic product; but upon depletion of 
the rich silver ores, lead, zinc, and, to a less extent, 
copper have been the main products, and silver has 
been an important byproduct. Gold has always been 
a significant byproduct, and at least one small mine 
has been worked exclusively for this metal. In 1955 
a plant was built for production of sulfuric acid 
from massive pyrite ores, and in the next 9 years a 
substantial amount of acid was produced for use in 
uranium mills of the adjacent Colorado Plateau.

HISTORY

The early history of the Rico mining district has 
been given by Ransome (1901, p. 238-242) and 
therefore is only summarized here. The first claim 
was staked in 1869 on ground along the river at 
Rico, including parts of what later became the 
Shamrock, Smuggler, and Riverside claims. In the 
next 10 years, additional claims were staked within 
the Rico town area, on Nigger Baby Hill, in the 
mineralized area up Silver Creek, and in Aztec 
Gulch. Development work was intermittent, how
ever, and the claims were commonly abandoned on 
the approach of winter.

In 1S79, oxidized silver ores were discovered on 
Nigger Baby Hill which were rich enough to 
attract a sharp influx of prospectors into the district. 
A mining settlement sprang up, civil government 
was organized, and a post office was established at 
Rico. In the same year, ore was discovered and 
shipped from one of the veins in Newman Hill. 
General activity in the camp increased over the 
next few years. In 1880 a small smelter was built 
on the east bank of the Dolores River at the north 
edge of town to treat the ores from the Grandview

mine,, but it proved to be short lived. A second 
smelter was built at the southern end of town, be
ginning in 1882, and operated as a custom plant for 
nearly 2 years during 1S84-S6. Silver production 
rose to a temporary peak of 193,360 ounces in 1883, 
but it sagged appreciably in the next 3 years.

In 1887 a prospect shaft on the Enterprise claim, 
by pure accident, struck the edge of the largest and 
richest ore body ever found on Newman Hill. This 
was a blanket ore body of a type that proved to be 
very productive of rich silver ore during the next 
few years, as further ore bodies were explored and 
opened in the extension of mining from this initial 
discovery. The Enterprise success stimulated de
velopment throughout the camp, and within the next 
few years ore had been developed in all the min
eralized areas that arc now known, including CHC 
Hill. The Rio Grande Southern Railroad Co. com
pleted a narrow-gage line into the camp in 1890, 
and within a short time spur lines were operating 
up Silver Creek and to the portal of the Enterprise 
Group tunnel.

The all-time peak of silver production was reached 
in 1893, 2,675,238 ounces, of which the mines in 
Newman Hill, particularly the Enterprise mine, con
tributed the largest share. The drop in silver prices 
during the 1890’s, and particularly the famous silver 
panic in mid-1893, affected Rico as it did all other 
western mining camps, and the production fell 
sharply in the next few years. Yet the fundamental 
cause for the decline as a silver camp was depletion 
of the rich silver ores. By the time of the Ransome 
(1901) report, the Newman Hill mines were largely 
exhausted of all except low-grade base-metal ores.
. In the early 1900’s, other parts of the district 
became relatively more productive, and by 1905 for 
the first time the combined values of lead and zinc 
produced in the district exceeded that of silver. 
Activity in the district waxed and waned with the 
economics of mining during the next several years, 
but there was substantial development and produc
tion each year. The demands for base metals before 
and during World War I stimulated the mining of 
base-metal ores, particularly in CHC Hill and in the 
mineralized area up Silver Creek. However, peaks 
of production generally depended on the fortunes of 
ore discovery. A temporary peak for base metals 
was reached in 1913 when the district produced 400 
tons of copper, 1,540 tons of lead, and 1,300 tons of 
zinc. Although the output of lead and zinc fluctuated 
at a lower level in the next few years, the all-time 
peak production of copper, 516 tons, was reached 2 
years later, principally from the Mountain Spring- 
Wellington mine of the Rico-Wellington Mining Co.
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in CHC Hill. Mining economic conditions began to 
deteriorate during the last year of the war, and 
production reached a low ebb by 1921.

In the mid-1920’s the mining industry at Rico 
revived, chiefly through advances in the metallurgi
cal industry. Perfection of the flotation process in 
the previous decade had made attractive such com
plex sulfide ores as prevail at Rico, and the mine 
operators were, for the first time, able to realize a 
fair profit on the zinc content of their ores instead 
of being penalized for it as in past years. At first, the 
ores were shipped to new custom flotation mills in 
the Salt Lake area, Utah, but in 1926 a 250-ton 
custom mill was built at Rico by the International 
Smelting Co. (subsidiary of Anaconda Mining Co.), 
and for nearly 2 years most of the output of the 
district was concentrated in this mill. The chief 
producing companies included theYKico Argentine 
Mining Co^ working the mineralized area up Silver 
Creek on the south side of the creek; the Falcon 
Lead Co., working the Yellow Jacket mine and other 
properties on Nigger Baby Hill; tfie Rico Mining & 
Reduction Cn^Aind (after May 1927) its successor, 
the St. Louis Smelting & Refining Co., working CHC 
Hill, the Silver Swan mine below Rico, and a small 
part of the mineralized area along Silver Creek; the 
Pelleyre Mining & Milling Co. (subsidiary of Inter
national Smelting Co.), working the Shamrock and 
several other properties in the district; Union Car
bonate Mines, Inc., working the Union Carbonate 
mine; and the Rico Enterprise Mining Co., working 
the Pro Patria and Revenue mines. The all-time 
peak of production for base metals was made in 1927 
when the district output was 5,308 tons of zinc, 4,994 
tons of lead, and 65 tons of copper. The mining boom 
was, however, relatively short lived. The custom 
mill at Rico operated only from October 1926 to July 
1928, when it shut down permanently. Ore that con
tinued to be produced for a time was shipped again 
to the custom mills at Salt Lake.

In 1929 mining at Rico was hit by the Depression, 
and by 1932, production had ceased. The St. Louis 
Smelting & Refining Co. drove its St. Louis tunnel 
and crosscut extensions into the east bank of the 
Dolores River under CHC Hill during the depth of 
the Depression (1930-32), but failed to reach the 
Mississippian and Devonian limestones in which 
deep replacement ores were prospective targets. 
Mining was resumed on a relatively small scale in 
1934, and production from several mines fluctuated 
over the next few years.

In September 1939, the Rico Argentine Mining 
Co. finished a new 135-ton flotation mill and began 
a period of steady production that brought a degree

of stability to the mining industry at Rico. This 
company was the major producer during World War 
II. The Van Winkle shaft was sunk on the east edge 
of town in 1942, and for several years supplied a 
large share of the Rico Argentine production. The 
company has maintained steady production, though 
not always at mill capacity, to the present day except 
for two periods, May 1949 to July 1950, and June 
1957 to some time in 1959, when low base-metal 
prices made the operation uneconomic. The long 
crosscut from the St. Louis tunnel to the Argentine 
shaft on Silver Creek was finished in 1955, lowering 
the water level in the Silver Creek mine workings 
by about 450 feet and draining a large block of 
mineralized ground. At present, the company con
trols most of the mining properties from which the 
major past production of the district has come. Its 
mill capacity (1969) is rated at 150 tons per day.

In September 1955, the Rico Argentine Mining 
Co. completed and put in operation a plant for the 
production of sulfuric acid from pyrite. The acid 
was sold to several uranium mills operating in the 
adjacent part of the Colorado Plateau. The acid 
plant ran for 9 years, until a cutback in the uranium 
program destroyed the market for the acid. The 
plant was put on a standby basis in October 1964. 
Much of the acid production came at a period of 
low base-metal prices, when the entire mining facili
ties could readily be diverted to the mining of 
pyrite.

TRANSPORTATION FACILITIES

The narrow-gage railroad completed through Rico 
by the Rio Grande Southern Railroad Company in 
1890 served the district for 60 years. In its later 
days, locomotive power was supplied by various 
models of converted automobile gasoline engines. 
Eventually, freight from the mining industry at 
Rico and Telluride was not enough to sustain the 
railroad, and it was finally abandoned as uneco
nomic in 1951. Since then, mining supplies have been 
brought in and concentrates taken out by truck. At 
present (1969), all concentrates are trucked to the 
Denver and Rio Grande Western Railroad line at 
Ridgway, Colo., where they are loaded into freight 
cars and shipped to the Bunker Hill Co. reduction 
plants at Kellogg, Idaho.

PRODUCTION

Table 1 gives the production of precious and base 
metals from the Rico district from 1879-1968.

Between September 1955 and October 1964, the 
acid plant produced 316,108 tons of commercial sul
furic acid, 100 percent basis. In the first year and 
a quarter, pyritic tailings from the lead-zinc mill
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Table 1.—Gold, silver, copper, lead, and sine produced in the Rico district, J879—J968
(Figures derived by subtracting from the production of Dolores County that of the I^one Cone district, wfiich is the only other metal-producing 

district of record (1890—i041) In the county. Lone Cone production for 1806-1003 estimated (gold and stiver only), for later yearn from un
published statistical charts furnished by the U.S. Bur. Mines. Production of Dolores County for 1870-1023 from Henderson (1926. p. 117); for 
1924-31. from annual volumes of U.S. Bur. Mines Mineral Resources of the United Slates; for 1932-62, from annual volumes of U.S. Unr. Mines 
Minerals Yearbook; for 1963-68. from unpublished statistics furnished by U.S. Bur. Mines. Compilation for Dolores County by Robert G. Luedkc. 
U.S. Geol. Survey)

Lode gold Silver Copper Lead * Zinc

Total value
Year

Fine
ounces Value

Fine

ounces Value
Short
tons Value

Short
tons Value

Short
tons Value

1879 ...................... 73 S1.500 7.734 18.662 2 S800 6 3410 SI 1.372
1850 ...................... 169 3.500 30.938 36.679 14 6.206 50 6.000 60.286
1881...................... 242 6.000 69.010 78.669 22 8.003 100 9.600 101.267
1852 ...................... 484 10.000 86.078 06.980 27 10.314 100 9.800 127.103
1883 ...................... 242 6,000 193.360 214.630 60 16,600 100 8.600 244.730
1884 ...................... 73 1.500 54.141 60.097 76 6.624 $7,221
1888 ...................... 103 4,000 70.000 74.900 50 3.000 82.800
1886 ...................... 414 8.661 75.836 76.078 306 30,432 120.071
1887 ...................... 471 9.743 118.2G2 116,897 17 4,692 600 46,000 176.332
1888 ...................... 845 17.470 123.852 116.421

___
500 44.000 177,801

1889 ...................... 3.706 77,825 618.615 681.408
. 1,000 78.000 . 737.323

1890 ...................... 7,661 166,207 848.786 891.224
__

1.000 90,000 1.137.621
1891...................... 6.932 122.631 699.883 602.889

_ __
466 40.047 . . ....

855.667
1892 ...................... 11,401 235.660 1.286.179 1.118.106 7 1.613 1.642 123.327 1.478.616
1893 ...................... 21. .387 442.105 2.676,238 2.086,686 6 1.080 2,250 166.600 . 2.600.371
1804 ...................... 9.318 192.026 1.153.326 726.698 16 2,860 1.000 6G.OOO 088.071
1895 ...................... 2,642 62.662 399.283 250,534 32 6.864 157 10.042 328.002
1896 ...................... 216 4.465 221.393 160,547

....
660 33.000 16 *1.170 180,182

1897 ....................... 603 12.464 104.901 62,941 20 4.763 647 30,378 110.641
1S98...................... 1,771 86.607 338.346 100.624 76 18.666 343 26,001 200 18,400 200.278
1899 .. 1,234 26.608 167.062 04.231 22 7.611 1,023 92,080 50 6.800 226.230
1900 ....................... 026 19.120 84,318 62.227 18 6.978 105 0.267 110 9.6S0 96.262
1901....................... 179 8,700 66.632 39.070 7 2.180 184 15,783 125 10,250 71.001
1902 ...................... 200 6.118 46,311 24.546 8 1.837 104 16.041 124 11.937 60.378
1903 ...................... 203 6.056 45,096 24.352 74 20.220 72 6.024 C6.662
1904 ...................... 667 13.678 44.432 20.251 18 3.250 91 7.793 9 928 61.800
1905 ...................... 206 4.250 29.496 18.275 60 18.692 420 30.495 278 32,820 113.632
1906 ....................... 466 9.398 34.200 23.317 100 38.480 69 6.730 442 53,896 131.830
1907 ....................... 132 2.734 20.317 13.400 50 10.890 27 2,801 88.033
1908 ...................... 688 12.155 85,310 46,214 21 6.483 474 39.772 255 23,932 126.861
1909 ...................... 614 10.641 64,375 33.475 22 6.621 230 10,756 84 9,049 78.642
1910...................... 820 6,616 49.795 2C.880 48 12.113 62 5.470 44 4.G9S 66.795
1911...................... 23 476 30,842 16.346 2 373 350 31,470 263 29,944 78.614
1912 64 1,313 68.794 42.309 345 113.709 604 64,330 406 56.030 267.700
1913...................... 306 6,333 163.111 02,470 400 124.057 1.538 136.332 1.298 145,389 603.690
1914...................... 817 6.642 80.844 44.707 175 46,576 246 10.166 183 18.694 136.676
1915...................... 624 10.828 122.664 62.190 616 180.670 134 12,603 18 4.456 270.737
1916 ...................... 269 5.567 71.573 47.008 210 103,197 294 40.661 91 24,429 220.832
1917 252 6,213 88.222 72,695 260 141,037 886 162.411 851 173.538 646.704
1918...................... 146 2.991 64.240 64.240 300 162,640 259 36.736 331 60.174 306,789
1919...................... 122 2.617 36.084 89.294 132 49.284 49 6.231 34 4.893 101.210
1920 86 1.759 28.556 31.126 a 1,252 336 61.752 115 18,619 114.608
1921 68 1,401 10.624 10.624 1 06 0 838

__
12,869

1922 ...................... 64 1,126 25.423 25.423 12 3.262 44 4.708 34.607
1923 66 1,164 33.471 27.447 28 8.336 81 11.331 69 9,384 67.662
1924 8 178 8.709 6.836 6 1,545 80 14.167 11 1.417 23.142
1925 ................... .. 83 1,722 37.694 26,368 23 6.674 908 167,076 1.053 160.056 362.706
1926 189 3,002 02.040 67.433 64 16.036 2,917 466.760 2.031 447.160 090.281
1927 ...................... 411 8,488 173.395 98.315 65 17.161 4.994 620.230 6.308 679.360 1.432.564
1928 ...................... 1,044 21.535 360.653 205.132 444 127,730 4.626 624.964 4.646 566.812 1.446.223
1929 ...................... 632 11.016 268,783 143.261 164 57.696 3.630 444.730 2.052 389.730 1.046.342
1930 ...................... 886 7,976 80.683 31.063 155 40,170 678 67.760 695 67.120 204.078
1931...................... 34 607 1,648 478 1 182 35 2,653 41 3,116 7,026
1932 6 95 2 l 96
1933 ...................... 40 817 4.820 1,687 1 51 3 222 2.777
1934 ...................... 352 12.287 49,302 3I.ST2 10 1.684 119 8.843 107 9.202 63.788
1935 ...................... 666 22,944 71.040 61.060 13 2.075 140 11,220 142 12.452 09.761
1936 ...................... 309 10.801 20.031 16.514 7 1.288 119 10.948 139 13.950 62.601
1937 ...................... 188 6,566 13.086 10.122 7 1.694 125 14,607 136 17.680 60.750
1938 ...................... 34 1,200 4.642 3.001 2 333 29 2,622 30 2.880 10.030
1939 ...................... 121 4.236 <1.360 28.072 65 13.416 762 70.688 867 90.168 206.670
1940 275 0.625 163.990 109.604 482 109.046 1.028 102,760 2.607 328.482 740.406
1941................. 102 3,670 112,716 80.163 62 14,632 2,626 287.833 3.004 450.600 830.788
1942 ... . no 4.165 110.918 78.876 35 8.482 2,282 306,705 2.764 514.ITS 011.406
1943 ... 127 4,446 146.021 103.126 72 18.785 2,566 384.000 3.652 788.832 1.300.088
1944 ...................... 141 4.035 121.791 86.607 118 31.095 2,826 462.240 4,657 1.038.096 1.614,733
1945 ..... 167 6.495 162.266 108.278 86 23,220 2.440 410.680 3.020 001.600 1.458.273
1946 ____ 136 4.760 173.207 140.024 112 36.126 2.176 474.260 3.435 838.140 1.403.300
1947 ...................... 104 3.640 124.199 112.400 100 45.501 2.042 588.168 3.433 830.SS3 1.630.082
1948 ...................... 108 3.7S0 132.312 119.749 74 32.116 2.430 860.040 3,180 845.SS0 1.871.466
1949 ...................... 79 2,765 80.032 72.433 33 13.002 1.3SS 438.603 1,364 335.702 862.600
1950 ...................... 71 2.485 72.735 65.829 35 14.560 1.138 307.260 1.365 3S7.660 777,704
1951 ...................... 220 7.700 131.912 119.387 51 1 24.684 2.231 771.026 2,527 919.828 1.843.625
1952 ...................... 128 4.4S0 127.446 118.345 73 35.332 2.230 718.060 2.734 907.0*3 1.780.905
1953 ...................... 95 3.325 103.008 04.042 IS 10.332 1.871 490.202 2,634 605.820 1.203.721
1954 ...................... 147 6.145 113.621 107.368 11 6.490 2.177 506.408 2.806 625.536 1.341.027
1955 ...................... 166 6.460 114.302 103.531 5 3.730 2.202 666.106 2.671 632.466 1.401.383
1956 ...................... 179 6.265 97.181 87.954 6 6.270 1.858 683.306 1,668 457.114 1.139.990
1957 ...................... 13 456 8.S29 7,901 1 181 201 67.615 159 36.958 103,100

1869...................... “Ts 630 17*662 15*804 *3 1/7*50 *325 74*866 *362 83*214 1
1960 ...................... 84 2.910 81.503 73.346 10 6.388 1.377 322,183 961 248.041 653.308
1961 ...................... 03 2,205 40.001 46.384 7 4,200 833 171,444 947 ‘217.695 441.018

,1962 ...................... 46 1.610 Jl 1,623 34.202 5 2.805 782 143.952 G81 156.722 330.38111063 .............. 26 875 30.M2 38.517 5 3,326 542 117.050 484 111.320 271.088
1964 ...................... 22 770 21.039 28,367 3 2.184 4S4 126.677 403 135.443 203.441
1965 ...................... 68 2.380 74.120 05.840 18 12.850 1.457 454.521 1,466 425.137 000.737
1966 ...................... 68 2.380 64.533 70.611 26 18.664 1.109 335.220 1.147 332.674 760.440
1967 ...................... 67 1.995 71.387 110.650 20 16.176 1.449 405.804 1,703 472.849 1.006.474
1968 ...................... 69 2.316 77.120 165.411 18 16.023 1.461 336.028 1.610 434.S0S 1.003.586

Total .. 83.046 1.781.702 14.ftl3.28S 11.735.029 6.637 1.951.561 83.847 16.228.650 32.717 17.243.550 47.040.501
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altitude 9,742 feet and bears generally east-south
east, nearly parallel to the strikes of the Blackhawk 
fault and of the strata. Its portal is 25 feet within 
the hanging wall of the Blackhawk fault just south
east of the Last Chance fault junction, and the entry 
tunnel merges onto the fault 250 feet from the 
portal. The mineralized ground is in the hanging 
wall to the northeast. At 340 feet from the portal, 
the main tunnel crosscuts over to the northeast to 
follow the Alleghany fissure, which is parallel to 
and about 200 feet from the Blackhawk fault; but 
farther along the tunnel, a branch, crosscuts back to 
the Blackhawk fault and drifts along a small break 
in its immediate hanging wall (pi. 3A). Maximum 
penetration of the Log Cabin tunnel is about 1,400 

' feet into the hill.
The limestone beds mineralized include the H, 

I-J, K, and L beds at the top of the middle Her- 
mosa. The distribution of the beds at the Log Cabin 
level is shown on plate 3A. Most of the stopes at 
and above the Log Cabin level are between the Alle
ghany and Blackhawk breaks and within 210 feet 
of the latter, but those on the H and I-J beds follow 
eastward diagonally down the bedding to the Ar- 

^Hitine level. As the Blackhawk fault also dips in 
^rois direction, though at a steeper angle, the dis

tance between the fault and the outer edges of min
eralized ground does not greatly increase. In a part 
of the ground, the stopes in the four ore beds are 
roughly superposed, indicating a common feeder 
system among the cross fractures. No single frac
ture can be mapped to account for this, but a system 
of connecting fissures are present. The ore solutions 
were thus able to travel from one to the other in a 
general zone of fracturing. The stope in the H bed, 
extending from below the Argentine level at the 
bottom to above the Log Cabin level at the top, is 
420 feet long and a maximum of 60 feet wide, as 
projected on a horizontal plane. The stope in the 
I-J bed bottoms at the Argentine level and extends 
up through the Log Cabin level to somewhat above 
the Carbonate tunnel whose caved portal is 109 feet 
above the Log Cabin portal. This stope (as pro
jected) is 580 feet long and a maximum of 150 
feet wide, though averaging 60-80 feet. The stope 
in the K bed, which is thin, bottoms between the 
Argentine and Log Cabin levels and extends through 
the Log Cabin level to some distance above the 
Smith tunnel, breaking through to the surface at 

upper end. It has a projected length of 500 feet 
a width that is generally less than 40 feet, but 

attains 90 feet at the upper end. A persistent bed
ding fault at the top of the K bed may have fur
nished the structural setting for the mineralization.

In the L bed, part of the stoping is superposed on 
that in the lower beds, but there is extensive stoping 
which is independent of that in lower beds. None 
of the stopes in the L bed extend below the Log 
Cabin level. The largest stope, superposed at the 
west end and running more nearly parallel to the 
strike of the bedding, is 580 feet long and maxi
mum 120 feet wide.

The Alleghany fissure, so conspicuous on the map 
of the Log Cabin level (pi. 3A), may have been a 
mineralizing fissure for all the traversed beds (H 
to L) adjacent to its northwest extent along the 
level, but it failed to mineralize the L bed for a long 
stretch near the southeast end of the level. The 
fissure is a fault of reverse throw and small dis
placement. It dips mostly southwest at 60°-80°, with 
the southwest side up 5-18 feet as measured on the 
level. The fissure contains 2-8 inches of gouge, 
pyrite, calcite, and, locally, some sphalerite.

UI.ACKSM I I I I TUNNKL

Although the Blacksmith tunnel has not been ac
cessible during the fieldwork for the present report, 
it is of special interest because of the stratigraphic 
units involved in the mineralization. The tunnel 
portal is S. 56° E., 530 feet from the Log Cabin 
portal, and about 267 feet higher. As interpreted 
from cross section and stope maps prepared by
W. R. Landwehr, geologist of the American Smelt
ing & Refining Co., the tunnel provided access to 
stopes in the two lowest limestone beds of the upper 
Hermosa within 200 feet of the Blackhawk fault. 
The stratigraphic units mineralized are Nos. 27 and 
29 of the composite section (see p. 24), whose bases 
are about 126 and 202 feet, respectively, above the 
base of the upper Hermosa. The lower stope trends 
nearly parallel to the strike of the bedding and is 
185 feet long and 40 feet wide maximum. The upper 
one, which is really two closely juxtaposed stopes of 
very irregular outline, shows an overall projected 
length of nearly 200 feet down the dip of the bedding 
starting from the Blackhawk fault and a maximum 
width of 120 feet. These stopes are not superposed, 
nor do they overlie stopes in limestones of the middle 
Hermosa. Lower limestone strata at the top of the 
middle Hermosa are pinched out against the fault 
below the level of the Blacksmith tunnel.

A R G F.N TIN' F. T l! N N K L

The Argentine tunnel is in the hanging-wall block 
of the Blackhawk fault northeast of the Log Cabin 
tunnel and about 160 feet lower, its portal having an 
altitude of about 9,588 feet. It trends in a general 
southeasterly direction nearly parallel to the strike 
of the bedding and shows an overall penetration of
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about 2,400 feet into the hill. In the first 930 feet 
are several prongs that are more or less intercon
necting, but beyond that, the working is a linear 
tunnel from which a few crosscuts have been ex
tended (pi. 3B).

Some of the prongs of the tunnel in the first 930 
feet intersect the lower ends of two of the large 
stopes previously discussed for the Log Cabin level, 
namely, those in the H and I-J beds. At their lower 
ends the outer edges of these stopes are, respectively, 
160 and 220 feet from the Blackhawk fault, as 
measured on the level. Much of the ore from stoping 
in the K bed between the Argentine and Log Cabin 
levels was also taken out through these prongs of 
the tunnel. The Argentine workings in this block 
also intersect mineralized ground in a lower bed, 
the E bed, which pinches out against the Blackhawk 
fault well below the Log Cabin level. The stoped 
ground in the E bed is small and is characterized 
by an abundance of garnet. Plate 3B shows the dis
tribution of the limestone beds on the Argentine 
level.

The Blackhawk fault has been probed by cross
cuts at four places (pi. 3B), but no workings pene
trate more than 40 feet into the lower Hermosa 
strata of the footwall.

The other dominant structure revealed on the 
tunnel level is the Honduras fault, which is a reverse 
fault trending slightly south of east and dropping 
the strata on the north side about 140 feet. Although 
the displacement is in the same direction as that of 
the Blackhawk fault, the dip is in the opposite di
rection, mostly 70°-80° S. The fault break is occu
pied by 2-8 feet but commonly about 5 feet of gouge, 
quartz, and pyrite. The I-.T bed limestone unit in 
the dropped block has been mineralized and stoped 
at a level between the Argentine and underlying 
Blaine level. This “4 bed" stope,7 though irregular 
in shape, is about 250 feet long in a direction nearly 
perpendicular to the fault and 90 feet wide at the 
maximum. However, another prong of the stope 
10-20 feet wide follows along the north side of the 
fault for a distance of 140 feet west from the main 
stope. Mineralization of this latter prong can be 
attributed to shattering along the hanging-wall 
side of the Honduras fault. The main northward
trending prong lies along the northwest side of 
the Rico Argentine dike; shattering of the lime
stone adjacent to the dike probably furnished the 
channelways for introduction of the ore solutions. 
However, the northern part of the stope is also 
traversed by a small fault dipping westward at

' The st/)pc Is labeled “4 bed” stope on mining company maps, but this 
is a miaidontificiiLion. as it is really in the 2 bed of company terminology: 
see the composite section, p. 24.

45°-60° and dropping the strata on the west about 
15 feet. Updip and a little farther north this fault 
was responsible for a replacement blanket of sul
fide ore at a higher stratigraphic level in the mid
dle tunnel of the Rico Consolidated mine (see p. 84). 
The remote end of the “4 bed” stope is about 450 
feet from the Blackhawk fault. The stope is of 
mineralogic interest in that cosalite and huebnerite, 
rare minerals for the district, are present in the 
massive pyritic replacement ore.

In the ground explored by the deeper parts of the 
Argentine tunnel, mineralization was not so exten
sive as in the first 930 feet. The deeper part of the 
tunnel follows the general course of the Alleghany 
fissure. Over much of the Argentine level this fissure 
is 60-120 feet northeast of the Blackhawk fault, 
striking nearly parallel to it but dipping generally 
in the opposite direction (southwest) at 60°-80°, 
except near the southeast end of the mine where it 
steepens through vertically and farther southeast 
dips parallel to the Blackhawk fault. Displacement 
on this level amounts to a few tens of feet, down on 
the northeast. Although the northwest end of the 
Alleghany fissure was apparently an important part 
of the feeder system for the mineralization in the 
front part of the mine, it was a less effective min
eralizer farther southeast. Nevertheless, there are 
some stopes that are obviously related to it. Where 
it intersects the I-J bed above the Argentine level 
in the 3-compartment raise to the Log Cabin level, 
'at 14,060N, 14.690E (pi. 3B), a stope extends 
southeast for at least 180 feet. The stope is about 
10 feet wide, and narrowly confined to the intersec
tion of the fissure with the ore bed which here 
strikes nearly parallel to the fissure and dips about 
45° NE. This stope is about 150 feet from the 
Blackhawk fault.

At 250 feet from the southeast end of the tunnel 
where the Alleghany fissure dips northeast, its hang
ing wall contains the 138 stope which is a pyritic 
copper stope in the L bed, running eastward diag
onally down the dip of the bedding to the Blaine 
level. Owing to the gradual convergence of the Alle
ghany fissure and Blackhawk fault at this end of 
the mine, the 138 stope is also only a short distance 
in the hanging wall of the Blackhawk fault, 60 feet 
from the fault at the Argentine level and 120 feet 
from the fault at the Blaine level. The stope is 300 
feet long as projected on a horizontal plane and a 
maximum of 70 feet wide. Slickensides in the stope 
indicate that faulting along the bedding was an 
important structural preliminary to the mineraliza
tion. The stope is reported to have yielded 2 ounces 
of silver for each percent of copper.
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. A crosscut to the northeast near the end of the 
Argentine tunnel intersects a bedding fault near 
and at the top of the L bed. There has been some 
stoping of this bed on and below the fault and updip 
from the level, but the amount of ore obtained was 
not great. The mineralized segment of the ore bed 
is bounded laterally by crosscutting porphyry dikes, 
one of which was offset by the bedding fault. Stoped 
ground in this block is a maximum of 250 feet from 
the Blackhawk fault.

RICO CONSOLIDATED TUNNELS

The three tunnels of the Rico Consolidated mine 
are about 400 feet northeast of the Argentine portal. 
The altitude of the upper tunnel portal is 9,629 
feet, and of the middle portal, about 9,563 feet. 
Both portals are caved; but the middle tunnel is 
accessible from the Argentine workings, and the 
upper tunnel is accessible from the middle tunnel. 
The lower tunnel is caved.

The tunnels enter the hill in an irregular, but 
generally, south-southeasterly direction. The mid
dle tunnel at about 600 feet from the portal hits the 
Honduras fault and drifts east on it for 250 feet

I (pi. 3 B). The strata traversed are chiefly the basal 
}art of the upper Hermosa. However, the L bed, 
at the top of the middle Hermosa, is intersected 80 
feet before the Honduras fault is reached and is 
also cut on the south side of the Honduras fault in 
the drift to the east. It is not mineralized.

The only mineralized ground is in the front part 
of the mine, in the lowest good limestone bed of the 
upper Hermosa, unit 27 of the composite section 
(see p. 24). Most of the mineralization is adjacent 
to the 210 Drift fault near its northeast end, and 
chiefly on its south or upthrown side. In contrast to 
its general vertical attitude elsewhere, the fault here 
dips 70° S., and hence shows reverse displacement 
amounting to about 20 feet. A large stope 20-30 feet 
wide plunges eastward diagonally down the dip of 
the bed at its intersection with the fault, and a 
pyritized blanket of the ore bed about 100 feet wide 
extends south from the fault diagonally up the bed
ding dip and nearly perpendicular to the fault. This 
pyrite blanket is traversed lengthwise by the small 
cross fault, dipping 46°-60° W., that is followed for 
several hundred feet by the main tunnel. The fault 
drops the strata on the west about 17 feet and also 
displaces the Rico Argentine dike (pi. ZB). It is 
undoubtedly the feeder for the sulfide mineralization 

the pyritic blanket. The center of this blanket is 
o low grade to be minable, but ore stopes were 

developed along its two sides. The larger stope on 
the east side is about 160 feet long as projected on 
a horizontal plane and is 15-20 feet wide. A bedding

fault at the top of the ore bed doubtless facilitated 
the introduction of the ore solutions. The presence 
of hydrated iron oxides and green copper stains in 
the walls of the stopes suggests that the ore taken 
out was partly oxidized.

An additional small stope was opened along the 
northwest side of the Rico Argentine porphyry dike. 
This stope was not completely mapped, so its length 
is not available. It has a maximum width of 20 feet 
but is for the most part only 6 or 7 feet wide.

The upper tunnel explores the ore bed at a higher 
level where it is massively pyritized, but there was 
only negligible stoping on this level, along the edge 
of the porphyry dike. The tunnel crosses the vertical 
Honduras fault at 590 feet from its portal and 
extends 155 feet farther into the footwall.

The stopes on the middle tunnel level are 600-800 
feet from the Blackhawk fault and 260-460 feet 
from the Honduras fault. It appears obvious that 
the 210 Drift fault, which in most places is a tight 
poorly mineralized fissure, has acted as a mineraliz
ing channel in this place, though the eventual trunk 
channel may well have been the Blackhawk fault.

JAMES C. IH.AINE TUNNEL
The Blaine tunnel enters the southeast bank of 

Silver Creek just above creek level at an altitude of 
about 9,336 feet, 400 feet east of the Rico Argentine 
mill. It starts on the southwest side of the Black
hawk fault in the thick shale unit just above the 
H bed of the middle Hermosa and follows a general 
east-southeast course until it intersects the Black
hawk fault, 410 feet from the portal. From here, 
the course is southeast along the Blackhawk fault, 
though the fault is not followed in detail (pi. 3C). 
In the first 1,700 feet from the portal there is, in 
addition to the main haulage tunnel, an intricate 
system of drifts, crosscuts, and stopes that develop 
the blocks of ground on both sides of the fault, but 
particularly the northeast, or hanging-wall, side. 
Beyond 1,700 feet from the portal (measured in a 
straight line), the chief working is the main haul
age tunnel, but numerous tributary crosscuts explore 
adjacent ground. The total straight-line length of the 
tunnel is 3,750 feet, though the actual length is 
somewhat greater because of deviations in course. 
In the last 1,250 feet, the main tunnel diverges from 
the Blackhawk fault into its hanging wall, though 
crosscuts to the fault indicate that the tunnel is 
nowhere more than 125 feet northeast from the 
fault.

The structure in the front 1,700 feet of the Blaine 
workings is greatly complicated by the junction of 
the Honduras and Blackhawk faults on this level. 
Although both faults drop the strata on the north
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GEOLOGY Of THE RICO MOUNTAINS. COLORADO.

Hy Whitman- Ckoss and Airmuu Cow Stencek.

r R E F A C E.
By Whitman- Ciio.sk.

The Rico Mountains, the area discussed in Hie accompanying report, 
are situated in southwestern Colorado near the headwaters of Iho 
Dolores River. The summits of this compact and rather isolated 
group lie within an oval area about 7 miles in diameter from east to 
west and 5 miles from north to south. Some S miles to the northeast 
is the southwestern front of the San Juan Mountains, and about 16 
miles to the south rise the northern slop*-, ,*>f the La Plata Mountains. 
The peaks are nearly all included within- the northeastern section of 
the Rico quadrangle, but a few lie to the cast of the one hundred and 
eighth meridian, in the Engineer Mountain quadrangle.

The name “Rico Mountains” was first applied to this group of peaks 
in the course of the work leading to the. present report. On the Hay
den map of Colorado the term “Hear River Mountains” was used for 
the same group, but that name has never come into local use, and 
would now be a piisnomer, for it is connected with a nomenclature for 
important streams which has also failed of acceptance in the settle
ment of I,he country since the issue of the Hayden map. On that map 
the Stream now known as the “ West I lolores ” River was called “North 
Fork of Rio Dolores;” the main stream, now named the “ DoloresRivcr,” 
was designated the “ South Fork of Rio Dolores, or Hear River,” and 
from the latter alternative name originated the term applied to the 
mountains in question. The tributary of the Dolores heading in the 
La Plata Mountains has long been kiy>wn as Hear Creek. On the 
Haj’den map it has the name “ La Plata Fork.”

While the Haj’den name for this mountain group has been rejected 
in local usage the engineers and miners of the region have failed to 
supply a new one, but the individual character of the group, both 
geologically and physiogmphically, makes some name desirable, and 
that here adopted seems most appropriate. The. mining town of Rico 
is situated in-lhe Dolores Valley, in the. heart of the group.

15
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A detailed survey of tin; Kien Mountains bus been made both on 
account of tlu; economic importance of the district, and as a necessity 
in connection with (he ureal geological mapping of the San .Tuan and 
adjacent mountains, now in progress. In the course of this work the 
Rico quadrangle was taken up in IS'.'T and finished, with the excep
tion of the small area about. Kien, where the geology was found to he 
so complicated as to require an accurate and detailed topographical 
base. It was also seen that an intelligent exploitation of the mineral 
resources of the district was practically impossible until such a geo
logical map should he available.

In the summer of IS;>$ the topographical map was made, and on its 
completion the geological work was at once begun, tint could not he 
finished before the snowfall of early "'inter. In the season of iM'.rj 
the -work was completed. During the work of the, three years men
tioned Mr. Arthur G. Spencer was associated with the writer as assist
ant geologist. Messrs. Ernest Howe, R. D. George, and Jason l’aige 
served at different times as volunteer aids.

In 1S!)7 Mr. C. W. Piuington. assistant geologist, examined the ore 
deposits of the district, l.mt. Iho determination to make a special map 
and report rendered it desirable to have a correspondingly detailed 
study of the economic resources in the following year, and to this 
duty Mr. George W. Tower, jr., was assigned, us Mr. Pmington had 
meanwhile resigned from the Survey. Before preparing his report 
upon the Rico district Mr. Tower also left the. Survey to engage in 
private business. As some of the most com plicated portions of the 
region, including the Silver Creek Valley, were not thoroughly under
stood during Mr. Tower’s work, a further study of the ore deposits 
in the light of the geology will be carried on hv i<\ L. Runsomc'in the 
season of IffOO.

1G GKOI.OCIV Till--. KICO MOUNTAINS, UOI.OKADO.

*
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LITERATURE CONCERNING THE REGION.

Jfmjflcn Geological Surrey.—The country adjacent to Rico was 
visited by geologists of tin: Hayden Survey in 1874 and 1S76. In the 
former year the late F. M. Endlieh examined the district to the east, 
the one hundred and eighth meridian, passing through Telescope Moun
tain, lining apparently the general western houndary of his held of. 
work. Tn 1870 W. IT. Holmes made a rapid reconnaissance over an 
enormous area of the plateau country to the west. The complicated 
geology of the Rico uplift, coming on the border zone between the 
fields of di fie rent men working in dilleront seasons, did not receive 
udc(|iiatc. attention, and the Hayden map of this area is, therefore, quite 
unsatisfactory.

From his report, for the year 1874 it. would’appear that Endlieh 
visited Rlaokha-wklY.uk (‘‘.Station 87”), approaching it from the east, 
but that he did not examine any other part of the mountain group. 
Since no benefit, can come to the present, re.port from a critical review 
of Endlieh’s inaccurate observations and misconceptions regarding the 
local geology, they will be passed over with brief comment. He pub-- 
lished two profile sections running through Rlucklmwk Peak, but the 
data of these profiles, of the published map in the Geological Atlas of 
Colorado, and his statements of observations do not agree, and they 
are all decidedly erroneous in most part.iciilars. What Endlieh saw of 
the Rico dome structure was interpreted as a rather sharp anticline 
running along Silver Creek, Some of the intrusive sheets about 
Blaekhawk Teak were observed, but it is difficult to understand on 
what basis the porphyry sheet of 1 lermosa Teak was extended west
ward along the divide to the summit, of Telescope Mountain. Endlieh 
later became the superintendent of the first smelter at Rieo, but he 
published nothing further concerning the geology of the region.

The Ilayden map of the western part of the Rico Mountains is the 
work of TV. M. Holmes, and the inconsistencies in stratigraphy about 
the head of the Dolores River are due to the necessary adjustment 
between his work and that of Endlieh. Holmes established a section 

‘21 gf.ol, i-t 2--------2 17
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of tlic Mesozoic, formations t<> the west, which was expressive, adequate 
to the needs of the reconnaissance map, and in its general features is 
to-clay recognized as correct. Endlich, on the oilier hand, had estab
lished an inadequate and partially incorrect stratigraphic section for 
the same formations, and where these two systems of mapping came 
together there was naturally a forced representation of unconformities 
by overlap which did not exist. 'Phis explains the drawing of the 
Hayden 'map about the Pico Mountains. The porphyry masses of 
Elliott Mountain and Calico Peak were observed by Holmes from a 
distance and represented with some approximation to correctness.

John !L .lutrixh. — In A.sui John B. Parish read a paper before the 
Colorado Scientific Society entitled On the Ore Deposits of Newman 
Hill, near llico, Colorado.1 The description of the ore deposits was 
preceded by some, general remarks on the geology. The structure of 
the mountains- was recognized by Parish as a domal uplift, and cou- 

.corning it lie says: ‘‘The elevation of the mountains was associated in 
its origin with the intrusion of a laecolitie nuuss of porphyritio dioritc, 
which may lie seen a short distance above the town. The amount of 
upheaval at the center of the uplift was several thousand feet. Its 
longer axis is at right angles to the course of the river, and is so coin
cident with the corresponding axis of the laccolitc.” It is not evident 
what outcrops were assumed to represent the huge laccolith, but the 
sheet, at the northern l.mse of Newman Hill is referred to as an offshoot 
from it. The rock of the laccolith is said to be probably a “ liorn- 
blcnde-augite-porpliyritc (a porphyritio dioritc),” on the authority of 
R. C. Hills. Paults were recognized by Parish, but probably only 
the minor ones of Newman Hill.

The sedimentary rocks about Rico are stated by Fnrish to be 
“ Power Carboniferous and Carboniferous proper,” but the grounds 
for the determination are not given.

1. A. Rivhml.—A detailed description of the Enterprise mine was 
published in 189G by T. A. Rickard, then superintendent of the mine.5 
In this paper I here are but few statements concerning the general 
geology. The strata about Rico arc said to be fossiliferous and to 
belong to the Lower Carboniferous, and the common igneous rock 
is called porpliv rite,, with a concise description by R. C. Hills. 
Rickard refers to “a large, dike of porphyrite” crossing the valley 
north of Rico, "making a fault which breaks the continuity of the 
country on either side.” It would appear that this reference, as well 
as that of Parish, above noted, concerning the supposed laccolith, 
must be to the mass of schists with small dikes of hornblcndio por
phyry; but the position and importance of tlic fault arc not further 
indicated.

1 I'lOc. C'* *lonnlo Sol. S<m:., Vul. IV, IM-liVl.

* Trans. Am. Jn«t. Min. Kng.. Vol. XXVI. j'j*. InjiMiSO.
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The papers of both Parish and Rickard deal mainly witli the Enter
prise mine and give many important details of the geology of Newman 
Hill, as thus revealed, to which reference will he made further on in 
describing1 this locality.

Telluride and .La .1‘Inin folios.—The first results of the resurvey of 
the San Juan region, now in progress, are. contained in the Tclluride 
folio, No. 57 of the Geologic Atlas of the United States, issued in 
IS! 19. The south western corner of the Tclluride quadrangle is situ
ated almost at the. northern bast; of the. Rico Mountains, -1 miles north 
of Telescope Mountain. "While the structure of the Rico Mountains 
extends into the Tclluride quadrangle but a very short distance, the 
Mesozoic formations there exposed are the same seen at Rico, and the 
discussion of several of them is fuller in the folio than in the present 
report. But the most important bearing of Telluride. geology upon 
that of the Rico Mountains is in connection with the intrusive mon- 
zonite porphyries, the stocks of granular rocks, and the surface vol
canic. series of the San Jnan. The Iige of the Rico dome, the conditions 
at Rico at the period of its elevation, and other problems of local 
geology must be discussed in the light of the. facts observed in the 
Telluride quadrangle.

The La Plata Mountains, situated mainly in the quadrangle of the 
same name and lying directly south of Rico some 10 to 25 miles, 
are so analagous to the Rico Mountains in general character that their 
description in the folio now in press (GeologicFolio No. 00, La Plata) is 
in a measure supplementary to that of the. Rico group. The domal 
structure is simpler because there arc no profound faults, the intrusive 
porphyries are of the same general character as those of Rico, and there' 
arc scvcrul stocks of granular rocks, monzonite, diorite, and syenite, 
cutting the porphyry sheets.

«
GENERAL DESCRIPTION OF THE MOUNTAINS.

J'lnjsioyruj/hic relations of the mountain. ;/roaj>.—The Rico Moun
tains form a small, compact group of peaks resulting from the deep dis
section of a local dome-like uplift of sedimentary and intrusive igneous 
rocks. This uplift appears on the eastern border of the Dolores 
Plateau, which is continuous westward with the. Great Sage Plain of 
Utah, extending to the brink of the Colorado Canyon. The termina
tion of the Dolores Plateau on the line passing through the Rico and 
La Plata mountains is due to a change in the attitude of the underly
ing sedimentary formations. Beneath the plateau they are approxi
mately horizontal, but on the line mentioned they come under the 
influence of the monoclinal folding which lues taken place in a broad 
zone adjacent to the San Juan Mountains.
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The relations of tin; Rico Mountains to'tho Dolores Plateau are well 
illustrated l.iy the topographic map of the Rico ipiadnmglc. On that 
sheet the plateau stir face is shown crossing the western boundary with 
a general elevation of about tl,4u0 feet, rising very gradual for several 
miles and then merging into a gently dipping surface on the borders 
of the Rico uplift, a short distance beyond the limits of the *••• 'ciul 
map. To the east of the Rico Mountains the count r- 
undulating character, ntodilied by a few prominent _ 
igneous rocks, 1’1. I exhibits the character of the zone. , •
Rico and San .limn Mountains jus seen from near the summit of Black- 
hawk Peak, the. highest of the Rico group. At a dislanco’of S or 10 
miles rise the very rugged peaks of the San .hum. In the middle 
ground, on the right, is llcrmosa Peak, caused by an intruded por
phyry mass which is probably continuous with the while o!i(Fs of Flat 
Top, seen on the left hand of the view. The low mountain with a 
light-colored band on its southern hire, .about 2 miles from Blackhawk 
Peak, presents a hcjuitiful section of the white Li Plata sandstone, 
dipping gently away from the point of view under the influence of the 
Rico uplift.

Another view of this licit of country esist of the Rico Mountains is 
presented in PI. .11, a photograph taken from the knoll (11,S8G feet) 
on the divide northeast of Telescope Mountain, looking east toward 
Hcrmosa Mountain, in PI. XIX (p. 14S) is shown the character of 
the country between the Rico and La Plata mountains. The crest line 
of the central portion of the view is Indian Trail Ridge, the divide 
connecting the two mountain groups, which is made up of red Triassie 
strata dipping at. :i low angle southwest and passing under thc.lurassic 
and Cretaceous beds on tlie right-lmnd border of the view.

Druimuje .vy.>•//■//1 (nxlri’fjctntiu».—The Rico Mountains arc cut into 
two nearly eipml parts by the Dolores River, which receives all the 
drainage from within the group and from its northern and southern 
slopes. On (lie western side a portion of the drainage is into the West 
Dolores River, and on the east heads one of the tributaries of the 
Animas River.

Timber line in the Rico Mountains lies between 1.1,500 and 12,000 
feet, and its course may be traced in several of the illustrations 
accompanying the. re|Kirt. The (.ices and shrubs are those common in 
the mountains of Colorado, with perhaps greater variety than usual in 
the lower sheltered valleys.

Detail•« "fjilnjsHHfivjihy.—A glance at the accompanying map (PI. 
XXII, in pocket) shows that the Rico Mountains consist of a circle of 
high and rugged peaks, divided into two crescent-shaped halves by the 
Dolores Valiev. There are twelve peaks, each exceeding 12,000 feet 
in elevation above sea level, and the narrow crest connecting them 
rarely sinks below .11,500 feet on either side of the river. In passing
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RECENT GEOLOGIC HISTORY.

Many of tlic feature.? of po.st-Glaeial geology at Ric.o are inseparable 
in origin from similar feature? of Glacial and earlier time, since in 
those parts of the area that were not covered by the ice similar proc
esses of general erosion and of local deposition were active throughout 
the. Glacial stage. For this reason, in classing the following phe
nomena as recent, there, is no intention of limiting their age to the 
post-Glaciul, l.mt rather to indicate that the. conditions which have, pro
duced them have continued down to the. present, time,. The recent 
phenomena of the liico region may lie classed as those of erosion and 
those of deposition. ' The latter will include landslides, talus and ava
lanche materials, river gravels, and spring deposits.

7W-Glacial- erosimi. — If the gravels observed by i\Ir. Cross at an 
elevation of TOO feet above the river on the northern edge of the 
monzonilc are really of glacial origin, they indicate a inuch greater 
accumulation of such debris in the Dolores Valley than would be sug
gested by any other occurrences. Rut even if they arc glacial, the work 

, of the river seems to have been largely the removal of the gravels, with 
little cutting into the underlying rock. Tn Deadwood and Ailyn 
gulches the streams have cut down through the unconsolidated gravels 
of glacial origin, but this is a task which they could have easily 
accomplished in a short lime. Similar indications of the small effect 
of post-Glacial bed-rock erosion are seen in Silver Creek, where the 
stream has locally excavated narrow canyons in the wider valley of 
glacial origin, but these canyons have in no instance exposed the bed 
rock to a depth of more than possibly 20 feet, and in many places the 
stream is working upon debris of very recent origin, which hies- been 
thrown into its channel from the side gulches and ravines. All the 
evidence serves to point to the recency of the glacial occupation and 
to the small amount of erosion which has since ensued. The present 
topographv is in no essential feature different from what»it was pre
vious to the accumulation of the ice. before that the streams had 
found their present courses and had praetu-ally assumed their present 
grades. Greatly in excess of any topographic, changes due to erosion 
are those attributable to the constructional features which arc dis
cussed in the following paragraphs.

Yarletii1* of ifurfito: —The surface deposits at Rico are of
very diverse character and origin, and, as has been seen in the dis
cussion of the glacial gravels, they arc not easily separable as to origin. 
They are very troublesome to the geologist, since they cover the cen
tral part of the region to such an extent that it has been found impos
sible to work out the geology of the solid rocks underlying. Conse
quently it is necessary to represent them on the map. and for this 
purpose live distinct patterns have been used to distinguish (1) areas
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made tip principally of landslide, material: (2) valley gravels; (;t) allu
vial cones; (-1) spring deposits ; (ft) materials of other origin, such as 
iivalauelie, glacial, and surface wash.

IjuuMid us.—The most, important; surface deposits in l.lie Rico Moun- 
(ain are of landslide origin. One such slide has materially altered tho 
grade of the Dolores River north of Rico. others have changed the 
profile of Horse Gulch, while still others lend their charuete.ristie 
pseudo-glacial topography to Lite mnimiaiu slopes in several places. 
This fe.al.itre of the Kirn region has linen specially studied by Mr. 
Cross, and its description and discussion are given a separate chapter 
in this report.

Talus.—Accumulations from the wasting of cliffs arc. related in 
origin to landslides, hut. arc. composed of many small Mocks loosened 
hy frost action or hy heavy rains, whereas landslides, though they 
may eventually become, very much broken, are at lirst, cssrnt.iall v large 
masses, /rains forms are of fret)neat occurrence til. Kico, and while 
in-many cases, especially in the lower parts of the mountains, their 
even slopes are covered with vegetation, in other eases they are 
entirely hare, and then suggest the manner in which they were formed, 
namely, hy the. rolling and sliding of loose, rock fragments under the 
action of gravity. They tire well illustrated in several of the accom
panying plates, particularly in l’l. VI (p. 2S). showing tin1.‘steep talus 
at the base of the. Sandstone Mountain clill’s, and in the view of Calico 
Peak (PI. VII, p.M2)and that.of Klackhawk and Dolores peaks from the 
north (PI. IV, p. "24). The long talus streams upon the. west slope, of 
Nigger Ruby Hill arc largely derived from the. mines which are.situated 
at their heads, hut the. whole adjacent, slope, is covered hy natural talus 
or wash through whic.h.vorv few outcrops appear.

Related to talus are the materials dislodged by avalanches and 
deposited where their force is spent. Much of the. loose material 
upon Newman and C. If. C. hills has been broughtdown in this wav, and 
the paths which have been cut. through the limber upon the western 
slope of Dolores Mountain may ho made out. from the. photograph of 
this slope (PI. 1 IT, p. 22). Other ravines than these, which have been the 
tracks of snowslides, may be. seen at various places. Some of the. best 
marked are on the south side of Burnell Creek, upon the Hank of 
Landslip Mountain.

The deposits of Papoose Gulch and in the head'of Marguerite Draw 
west of Mount Elliott have, been mentioned in discussing the. glacial 
phenomena, where they are considered as connected with former great 
snow banks. Probably this is, in part at least, their true, origin, but 
avalanches may have Ih-cii also concerned in their formation.

Surface wash.—In regions where the agents of erosion have been 
as active as at Rico rocks do not decay in situ by surface weathering, 
and consequently residual soils, such as cover the rocks in many low- 

21 OKOI-, it 2------II



1G2 GEOLOO V Ob' 'J'ilJi HLCO MOUNTAINS, COLORADO.

lying regions, do not :iecunml:ite. Surface wash is composed almost 
entirely of fragments derived from the higher slopes of the mountains, 
or from the disintegration of landslides which, gradually moving 
toward the valleys under such effective aids to gravity :is snow, rain, 
and frost, have been spread in varying thickness over extensive slopes, 
hiding the underlying formations as completely as have the more, 
massive surface deposits. As may he inferred from such an origin, 
the materials of the surface wash are as a rule more completely pul
verized than the. other forms of surface deposits.

As in the ease, of all the surface deposits, the. representation of surface, 
wash on the map is generalized and the indicated boundaries are to he’ 
taken as approximate. The. symbol under which they are included is 
intended to apply to all areas not referable to the three classes of land
slides, valley deposits, and alluvial.fans. It. thus comprises the. materi
als of mixed origin covering Newman Mill and the opposite slope west 
of the river.

Valley <laj>ositx.—The valley deposits of the ltico region comprise 
the gravels of the present flood plain of the river. They consequently 
occur in a band across the. area and bordering the river, l.mt. inter
rupted above Hoiso Gulch by the. great landslide at the base of C. 11. C. 
Hill. This mass of rock which has been projected into the valley has 
pushed the stream against the western bank of the canyon, where it is 
now cutting in the solid rocks of the lower Mcrmosa. As may be seen 
by referring to the topographic map. it has interfered with the natural 
grade of the liver, which is now abnormally steep adjacent to the slide 
block upon the lower side, and as notably low in the reach upstream 
from it. The landslide at first formed a dam across the river, causing 
slack water for perhaps a mile and a half upstream. From the even 
spacing of the contours below the dam it is believed that the original 
stream bed at the. lower end of the. Burns meadow is approximately 
75 lcet below the. present, position of the, river, the. same figure repre
senting the thickness of the materials deposited by the river at this 
place. ' If the same spacing which is noted below the landslide were 
continued upstream the 0,05U-foot contour would have approximately 
its present position, so that it may he. taken to represent about (.lie 
upper limit of the. effect of tlm landslide in changing (he stream grade. 
From the dam to the present crossing of this contour the distance is 
slightly in excess of 1 mile., and the fall of the stream is not mure 
than 25 feet, or less than one-fourth the normal fall for this distance. 
The northern edge of the landslide block and the Hat above it are. 
shown in PI. XVI (p, 142).

The materials of the valley deposits are coarse gravels and sands 
which the river has derived from its tributaries and which it has rolled 
along and distributed within its immediate, valley.

Alluvial fans.—The steeper gulches which open directly into the
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Dolores Valley have, all afforded detritus faster than the river lias been 
able to earry it off, so that the debris brought down by the side streams 
has accumulated in eonieal banks at the mouths of the gulches. Such 
accumulations arc commonly known as alluvial fans. The)' are a 
characteristic feature of the union.of streams of Stfep grade with 
those of low declivity, s.incc the transporting power of the steeper 
streams is suddenly diminished when their grade is reduced. Theside 
streams at ltico do not at ordinary times carry any appreciable load of 
gravel, transportation being confined to times of Hood. Heavy showers 
and cloud-bursts sweep debris into the steep gullies, and this, carried 
down to the main valley, is dropped, and\Uie channel of the stream 
becomes inclosed by natural dikes, so that on becoming choked at any 
Lime the torrent will take a new course and, changing from time to 
time, will linallv have, swept through an arc. limited by the valley 
walls and varying in width from ill) to 120 degrees, it is by thus 
changing its channel that the stream is able, to build up the conical 
heap at its mouth.

At Rico many of the characteristics of alluvial fans are beautifully 
illustrated. An inspection of the. map will show the extentof the 
principal ones and the. different relative positions of the stream chan
nels upon the cones, and in several cases the. contouring indicates the 
lines of former channels. The typical appearance of the alluvial fans 
is shown in PI. XXI, from a photograph of the Aztec fan taken at a 
point upon the cast side of the river near the wagon road. In this 
case the present, channel is central. Other abandoned courses may be 
made out in the aspens on the north side, and another exists along the 
southern edge but can not be seen in the illustration. An interesting 
feature also shown in Ibis photograph is the smaller fan which has 
been formed in front of the larger one. Pro in the relations exhibited 
it appeals that the great fan originally extended farther to the east 
than at present, but Unit the river in shifting its course was thrown 
ugainst its base and cut away its lower portion, producing the steep 
bank now exhibited. During this period of cutting the channel on 
the fan probably had a location different from the present. Since the 
channel was located at the position which it now has a secondary fan 
has been formed by material, a portion of which seems, from the 
depth of the channel, to have been derived from the upper part of 
the. main fan.

Other fans than those represented occur in Silver Creek at the mouth 
of Allyn Gulch and of the nextgulch above upon the south side. Also 
a portion of the surface materials upon the hillside west of Rico may 
have been formed in the same manner as the fans of the lower valley, 
which they very closely resemble as topographic features. These have 
not been distinguished from the adjacent surface dcSbris.

fWaareous .ytrin<j ih’./xixilx.—Thu Rico Mountains arc well watered,
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and even in thu driest seasons must of the guIdles contain very con
siderable streams which are. fed by springs. The water of the springs 
is usually impregnated cither with lime or with iron, probably of 
rather superficial origin, and locally t.hese ingredients are frc(|iirnlly 
present in sufliuientamoiinls to separate from solution and form depos
its upon the surface, or in the. interstices of gravel or other loose sur
face materials. In some, cases the. waters, besides their mineral con
tents, are impregnated or accompanied by oases, such as sulphurcted 
hydrogen and carbonic acid gas.

The generally calcareous nature of the spring water at Rico is a 
direct result of the richness of the. prevailing sedimentary formations 
of the central region in carbonate of lime, but. in most, cases the nmount 
of the mineral held in solution is notsuliic.ie.nt l.o give rise to important 
deposits of tufa. There, are, however, several such deposits which arc 
situated upon the lower slopes in localities where loose materials.cover 
the solid rock for some distance above the springs. From this relation 
it seems likely that the waters travel underneath the surface of the 
ground from the higher elevations and, percolating through the loose 
surface materials, dissolve en route carbonate of lime, which they rede
posit upon emerging at. the surface, partly by evaporation and loss 
of carbonic acid and partly through the, agency of the animals and 
plants which inhabit, the boggy places about the springs. The lime is 
frequently deposited in such a wav that ponds arc. formed, and in these 
small snails lind a congenial habitat., the shells of successive genera
tions gradually adding to the. growth of (he. lime deposit. Moss grow
ing in the hogs is emitinually saturated in (he. calcareous water, and 
becomes at first coated but. finally entirely impregnated with the lime, 
giving rise to a spongy mass which-is often found near the lime, springs. 
Grasses, leaves, and twigs falling where the water can trickle over 
them are quickly entombed, and upon decaying leave their character
istic forms impressed upon the resulting rock. Isaif impressions may 
be found at almost, any of the. springs; they are especially well shown 
in the deposits above the wagon road south of Morse Gulch.

The principal deposits of calcareous tufa have been outlined on the 
map, by reference, to which their extent, and distribution may bc.se.cn.

Atone locality the. tufa has been quarried fora kiln and has found 
a considerable use, since it is conveniently located and produces lime 
of good quality.

Ferruginous deposits.— Iron-bearing springs occur at several places 
in the Rico Mountains, and have left haul deposits of iron oxide, 
cementing surface debris and forming what is commonly known as 
“iron cap.” Though occurriiigat other places, these ferruginous con
glomerates arc especially in evidence in Silver Creek above the Fort 
Wayne tunnel, in the upper part of the northern and western blanches 
of Horse Gulch, and in the lower part of Morse Gulch at the base of



fci*K.svKi:.] KKOKNT OKOUOCilC HISTOKY. 165

the northern landslide area. Their origin is probably connected with 
the oxidation of iron pyrites, hut their occurrence can never be safely 
taken as a clue to the proximity of large bodies of that mineral.

O'ns sj/ri/u/K.—Kmanations of carbonic ae.id gas and of sulphurated 
hydrogen accompany many springs of water in the Rico region. The 
former is continually escaping in large cjuantitics in the central part 
of the dome, while the latter Is noted in many places on the west side 
of the. mountain group in the. drainage, of Stoner and Bull creeks. 
Both gases doubtless have, their origin in chemical changes which arc 
going on at a greater or lesser depth beneath the surface, and the 
waters with which they are associated may or may not be of deep- 
seated origin, fn some places they ce.rtainh’ are not, for in the case 
of the sulphur springs the. water increases and diminishes with the 
humidity or dryness of the season, and at certain times the (low of 
water censes entirely, but the. gas continues to escape. Tt appears that 
in such instances the gases have, found the same, channels along which 
the waters arc circulating and that. the. two mix anil escape together. 
In like manner it is notable that the carbonic acid gas. which is escap
ing in large quantities in various places, is far in excess of the amount 
which can be. absorbed by the water with which it. issues, and in mine 
workings the gas is frequently encountered when* it flows up from 
crevices withoutany water atall. In one of the boriims of the Atlantic

* O •

Cablc'Company, made several years ago, a flow of gas was hipped 
which, being confined, is said to have, had a pressure of more than 50 
pounds and to have maintained it, with slight decrease, to the present 
time. A similar pressure is reported to have been shown by gas 
encountered in a borehole in the. Kirn-Aspen workings.

Several tunnels in the. west bank of the Dolores at Rico have struck 
carbonic acid gas escaping from many fissures in the highly shattered 
rocks in the. vicinity, and a spring of water strongly charged with this 
gas bubbles up through the gravels of the. river bed not far from the 
Shamrock tunnel.

Several of the. carbonic, springs at. Rico are locally known as “soda 
springs,” and, while, no analyses have been made of their waters, there 
is no reason for doubting the correctness of (his designation. Their 
waters arc highly charged with gas, an excess of which escapes in the 
form of bubbles, and are cool and of a delicious llavor, resembling, in 
this respect, the. waters of known soda springs at other localities in 
Colorado.



COLORADO GEOLOGICAL SURVEY 

DEPARTMENT OF NATURAL RESOURCES 

STATE OF COLORADO

3 ian ooooTBia 2

RECONNAISSANCE 
ENGINEERING GEOLOGY REPORT 

FOR PLANNING DISTRICT 9 
STATE OF COLORADO

The Colorado Geological Survey

and

The Colorado Division of Planning

This document was financed, in part, 
through an urban planning grant from 
the Department of Housing and Urban 
Development under the provision of 
Section 701 of the Housing Act of 
1954, as amended. y/ggi

--.4) 1°‘?
Q Qnqtnw Q Copy

ENVIRONMENTAL GEOLOGY NO.4 

PRICE $1.00

ERA CLOSEOUT COPY
Aitf 1 8 1975



SUMMARY

There is a possibility that natural resources may be discovered or further 

developed in any of the geologic units delineated by the principal map. Therefore, 

consideration must be given to the diverse future needs in areas of high develop

ment potential. The following examples point up the multiple use potential for 

some of the map units.

1. Alluvial deposits are a primary source for construction 
materials, sjch as sand and gravel, and are commonly found 
in stream valleys which are suitable for agricultural and 
residential development. Abandoned quarries can be 
developed into recreation sites.

2. Sedimentary rocks are host for fuel and energy resources 
(uranium, coal, gas and oil), and these rocks underlie many 
existing large communities in the Planning District.

3. Igneous, met^morphic and volcanic rocks locally yield signi
ficant amounts of metallic minerals. These areas' are also 
attractive to recreational community developers.

Massive land movements or other unstable surface conditions are found most 

commonly in areas having moderate to extreme topographic relief and abundant 

moisture. However, this generalization is too restrictive for Planning District 9. 

The Mancos and Lewis shales are potentially troublesome even in areas of low topo

graphic relief. These clay-rich rocks are seen to creep or move slowly down gentle 

slopes where they are poorly drained and/or altered by construction. The potential 

for unstable surface conditions must be evaluated carefully for every proposed 

development site.

The need for soil investigations at all construction project sites is seen 

dramatically throughout the District. Many public and private buildings have 

structural damage which has been caused, at least in part, by swelling or settling 

soils. The life of any structure can be prolonged significantly by proper foundation 

design based on good soil engineering data.

General areas of flood danger or erosional hazards are found in association
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with all drainage basins located within Planning'District 9. The history of 

flooding within the District may fail to properly emphasize the importance of 

this observation. However, as the population density increases, so will the number 

of structures situated on flood plains. Planning efforts must take this fact into 

consideration and regulate development on flood plains to prevent future tragedies 

and economic loss.

Areas of high water table, both permanent and seasonal, are found throughout 

the District. This troublesome feature is related directly to geology and precipi

tation. Little control is available for regulating precipitation, but geologic 

investigations will delineate areas where rock materials have poor permeability and 

can point up corrective measures which will enable developers to make safe use of 

such land.

The text of the report clearly points up the fact that not all rocks nor 

physical settings are suitable for solid waste disposal sites. Geologic evaluations 

must be made to determine whether the rock material in question is workable and will 

provide an effective seal, and whether there is any danger of pollution to a community 

water supply. With these guidelines, planners can be aware of special studies needed 

to meet public health standards.

There is a distinct possibility that mine dumps found throughout the 

District may be contributing to environmental pollution or presenting hazards 

to the unwary developer. The intensity of the problem will be related to the type 

of mine (such as the subsidence or the water contamination potential associated 

with coal mines) and the proximity of the mine to streams or water bearing rock 

units. Thorough investigations and reclamation projects may have to precede 

oevelopment work in some of the intensively mined areas within the District.

Many critical geologic factors affecting planning and development are 

explained in the text of the report. This information provides guidelines to
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those responsible for protecting 

cation of this data will help to 

land use decisions. In summary, 

and engineering investigations to 

specific land use proposals.

public interests within the Distinct. Appli- 

ensure safe, efficient and environmentally sound 

the need is stressed for site-oriented geologic 

evaluate problems and provide solutions for

t
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PHYSIOGRAPHIC FEATURES

The five county area which comprises Planning District 9 is situated in the 

southwest corner of Colorado. The Continental Divide is located near the northeast 

side of the District - lying within parts of the eastern sides of Archuleta and San 

Juan Counties. Elevations are seen to range (southwest to northeast) from 4,900 

to 14,250 feet above sea level. The mean elevation is approximately 7,500 feet.

The region can be described as mountainous, although the western and southern areas 

are part of the large physiographic province called the Colorado Plateau (Figure 3). 

The plateau region is dissected by drainage patterns which provide topographic 

continuity to the rugged nature of the alpine region. Principal rivers flow in 

south-southwest directions across the region with the exception of a part of the 

Dolores River which flows northwest through the northwest corner of the District.

i

GENERAL GEOLOGY

Figure 4 illustrates the geologic evolution of the State of Colorado and 

lists the geologic events for Planning District 9 in the order of occurrence.

This synopsis shows the development of the various geologic units which eventually 

formed the present features of the area. A numerical cross reference is provided 

for the two parts of Figure 4 so that comparisons can be made between local and 

regional geologic events.

The geologic history of the Earth goes back approximately four billion years 

when the Earth was probably nothing more than a molten mass. The geologic history 

of interest to this report began about two and one-half billion years ago during the 

Late Precambrian Era as masses of various types of sedimentary and igneous rocks 

were repeatedly formed, buried, altered, uplifted and injected with new igneous 

bodies. About 600 million years ago, the first well-defined geologic periods began. 

The first was the Cambrian Period during which sand and lime accumulated in the sea 

which covered the District. Approximately one hundred million years later, the
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MAJOR PHYSIOGRAPHIC FEATURES OF PLANNING DISTRICT 9

Figure 3
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GEOLOGIC EVENTS IN PLANNING PI ST. 9

a

a

a 150 -

200-

I
250-

C/J
cc

0 

I
a

300-
u,
O

cn 
2
O 350 ■

2

f

400

450'

500

550 -

600

ERA PERIOD

,
QIIATFRNARY

O C •
£5

TERTIARY
- O N

. CRETACEOUS

o
o
CO

o JURASSIC
ca
Ul

TRIASSIC

■
'PERMIAN

>ENNSYLVANIAN

1ISSISSIPPI AN

DEVONIAN

SILURIAN

o
m

O ORDOVICIAN
CO
O

U}

' <
CL

CAMBRIAN

19

18
17

16

15

14

13

12
11

Glaciers cover the San Juan Mts. and carve present 
landforms.

Extensive volcanism: Silverton Caldera formed.
ROCKY MOUNTAINS UPLIi'TED: San Juan Basin subsides.

Lime and mud deposited in eastern Colorado as seas deepen: 
Sand deposited in western Colorado from landm.assos in Utah

Sands deposited in shallow seas covering the entire state.

Mud and sand deposited from a low landmass in central 
Colorado.

Mud and sand deposited from mountain remnants in central 
and west centred Colorado.

frequent uplift and subsidence of land, advance and retreat 
of seas.
Sand and mud deposited in the shallow seas covering the 
Paradox Basin as the mountains erode and subside.

Salt deposited in the Paradox Basin.
Mountains uplifted in the central and southwest portion of 
the state; Paradox Basin subsides.
A low landmass emerges in the northeast portion of the 
District.

Lime deposited in seas covering the District 

Landmass subsides to become a shallow sea.

District is uplifted to form a low landmass.

District is covered by shallow seas: lime is deposited.

All of earth history to the Cambrian occurs in the Precambrian, 
little of which is preserved in the rock record.

Figure 4



Ordovician Period began with the gradual uplift of the region effecting the with

drawal of the sea and terminating the deposition of soliivnis. Tin* region rei'i.unod 

positive (a land area) throughout the Silurian rerun!. Slightly more than -kit) 

million years ago (Devonian Period), the area was submerged and lime sediments 

accumulated in the shallow sea. Later, during the Mississippian Period, a broad 

region was uplifted to form mountain ranges in approximately the same location as 

the present Rocky Mountains. During the Pennsylvanian and early Permian Periods, 

the southwestern part of the District was subjected to alternating times of emergence 

and submergence. Shallow marine sediments consisting of sand, clay and salt 

accumulated in the region. Between 250 and 130 million years ago, Late Permian to 

Early Cretaceous time, the pattern of alternating uplift and subsidence of the land 

continued. Sediments forming in these seas included sand and^clay, but not evaporites 

such as salt and gypsum. Shallow seas covered the entire State during the Cretaceous 

Period, and most of the sedimentary rocks that are found in the area today were 

deposited during that time. About 70 million years ago, the Tertiary Period began 

with extensive volcanism and mountain ouilding movements. During that period, the 

San Juan Mountains were formed and the San Juan Basin subsided to form a small sea. 

This sea was probably an inland sea much as the Great Salt Lake is now. It was 

during this time that the Rocky Mountains were uplifted to their present position. 

Approximately 1 million years ago, during the Quaternary Period, much of the area 

was covered by mountain glaciers which carved the present land forms. In Recent 

Time, erosion of these land forms has produced the topographic relief seen today.

HOW TO USE THIS REPORT

This report has been prepared specifically for Planners and other Public 

Officials who share the broad responsibilities for making safe, effective and 

environmentally sound land use decisions. It has been assumed that those reading
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CERCLA Eligibility Worksheet

Site Name £Vco P i-v IA.Q.

City 12 vc_o State £2>loir<«.<Jo

EPA ID Number doD ^Sz5

Note: The site is automatically CERCLA eligible if it is a Federally owned or 
operated RCRA site.

I. CERCLA Eligibility

Did the facility cease operations prior to November 19, 1980? x■

If YES, then STOP. The facility is probably a CERCLA site.
If NO, continue to part II ____

II. RCRA Deferral Factors

Did the facility file a RCRA Part A
application? V)

If YES:
1. Does the facility currently have interim status? _____
2. Did the facility withdraw its Part A application? _____
3. Is the facility a known or possible protective filer? (filed in error) _____
4. Does the facility have a RCRA operating or post closure permit? _____
5. Is the facility a late (after 11/19/80) or non-filer that has been identified

by the EPA or the State? (facility did not know it needed to file under 
RCRA) _____

l
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Type of facility:
Generator_____ TransporterRecycler
TSD (Treatment/Storage/Disposal)

If all answers to questions 1, 2, and 3 are NO, STOP. The facility is a CERCLA 

eligible site.

If answer to #2 or #3 is YES, STOP. The facility is a CERCLA eligible site.

If answer to M2 and #3 are NO and any other answer is YES, site is RCRA, 
continue to part III.

III. RCRA Sites Eligible for the NPL

Has the facility owner filed for bankruptcy under Federal or State
laws? No

Has the facility lost RCRA authorization to operate or shown probable
unwillingness to carry out corrective action? Na

Is the facility a TSD that converted to a generator, transporter or recycler 
facility after November 19, 1980?

IV. Exempted substances:

Does the release involve hazardous substances other than petroleum? Vg ^
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V. Other programs: The site may never reach the NPL or be a candidate for 
removal. We need to be able to refer it to any other programs in EPA or state 
agencies which may have jurisdiction, and thus be able to effect a cleanup. 
Responses should summarize available information pertaining to the question. 
Include information in existing files in these programs as part of the PA. Answer 
all that apply.

Is there an owner or operator?

PA Guidance
EPA Region VIII
August 1993

NPDES-CWA: Is there a discharge water containing pollutants with surface 
water through a point source (pipe, ditch, channel, conduit, etc.)?

CWA (404): Have fill or dredged material been deposited in a wetland or on 
the banks of a stream? Is there evidence of heavy equipment 
operating in ponds, streams or wetlands?

Eb'exrej

UIC-SDWA: Are fluids being disposed of to the subsurface through a well, 
cesspool, septic system, pit, etc.?

TSCA: Is it suspected that there are PCB's on the site which came from a 
source with greater than 50 ppm PCB's such as oil from electrical 
transformers or capacitors?

FIFRA: Is there a suspected release of pesticides from a pesticide storage 
site? Are there pesticide containers on site?
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RCRA (D): Is there an owner or operator who is obligated to manage solid 
waste storage or disposal units under State solid waste or ground 
water protection regulations?

UST: Is it suspected that there is a leaking underground storage tank
containing a product which is a hazardous substance or petroleum?

4
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April 13. 1994

RECEIVED 

APR 2 5 1994 

URS/ARCS

NaturcjS^
Conservancy

Mike Can
URS Consultants. Inc.
1099 18th Street, Suite 700 
Denver. CO 80202

Dear Mr. Carr:

t he Colorado Natural Heritage Program (CNI1P) is in receipt of yum recent request for 
information regarding the BrightonTt. Uipton Landfill and the Rico-Argentine Mine. In 
response, CM IP has searched it's Biological and Conservation Datasystom tor natural 
heritage resources (occurrences of significant natural communities and rare, threatened 
or endangered plants and animals) documented from TIN R66W and 140\ R’ 1V\.

According to the information currently in our files, there are no occurrences ot 
significant natural communities or rare, threatened or endangered species documented 
from within the four-mile radius of the Brighton-R. 1 upton Landfill site. However, 
there is one occurrence of Rusioma russellianum (also known as Instoma grandifiora. 
Shorn prairie gentian, approximately 15 miles downstream, west < i the South Platte 
Rivet in the vicinity of Lyons Road, north of Colorado Hwy 66 and west ol Road 23.
1'his species is ranked very common globally, but is considered rare to uncommon in 
Colorado and is under review tor federal listing. A 1989 report indicated that habitat 
for this species has been intensively grazed and or cultivated over the past 100 veins, 
causing concern that this species could he disappearing (Jennings. 1989).

,<)> y*

A review of the Rico-Argentine Mine project area indicated an occurrence of one 
significant natural community within the four mile radius of the site, as well as two 
additional occurrences o/significant natural communities within the 15-mile 

downstream limit. Populus nngusiilelia Pice.i tntngens/Alnus incana. a montane 
riparian forest, can be found along the east bank of the D Ires River within tour mid. - 
of this project arot^/7\n occurrence of an Abies lasiocarna/Alnus incana/Salix 

,<fimn^ondiTna~montane riparian forest has been documented L5 trades up Priest Crt e f 
trail from the Dolores River. Both of th mmunilks are ranked rare to uncommon/ 
both globally and in Colorado. Also, a 1991 field survey reports that threats to the 
cojr.mnr.it v A lasiocaroa/A. incana S, drummondiana include erosion, flooding,"and,

,■dererl/'/TPomih CornuTsericea montane riparian
^curs along the'Dolores River approximately 15 miles J< wnstream. This natural 

community is ranked very' rare globally and in Colorado. Alteration of the hydrologic 
regime may adversely affect these natural communities.

i*
A•'*'
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While the information contained herein represents a thorough search of the CNHP’s 
Biological and Conservation Darasysrem, any absence of data does not necessarily mean 
that other natural heritage resources do not occur on or adjacent to the project sire, but 
rather that our files do nor currently contain information to document their presence. 
CNHP’s datasystem is constantly growing and revised. Please contact CNHP for an 
update on this natural heritage information if a significant amount of time passes before 
it is utilized.

Sincerely,

I n fo rm a r i o n M a n a ger



REFER TOSTATE OF COLORADO
Roy Romer, Governor
DEPARTMENT OF NATURAL RESOURCES

DIVISION OF WILDLIFE
AN EQUAL OPPORTUNITY EMPLOYER

Perry D. Olson, Director 
6060 Broadway 
Denver, Colorado 80216 
Telephone: (303) 297-1192

151 E. 16th St.
Durango, CO 81301 
303-247-0855

For Wildlife- 
For People

June 6, 1994

Mark Carr
URS Consultants
1099 18th St., Suite 700
Denver, CO 80202

Dear Mr. Carr,

This letter is in reference to your request for State sensitive 
wildlife species in the Rico, Colorado area. I have conferred with 
Rich Lopez, District Wildlife Manager (CDOW), who works the Rico 
area. To our knowledge there are no threatened or endangered 
species resident in the Rico vicinity. The Boreal toad (Bufo 
boreas) may inhabit wetland stream or pond areas, but there have 
not been any studies conducted to verify their presence or absence.

The Dolores River above Rico experiences heavy fishing pressure. 
The Division of Wildlife stocks fish in the river through the town 
of Rico. The upper head waters of the Dolores support a viable 
native cutthroat trout fishery. Silver creek has virtually little 
aquatic life because of the heavily mineralized water below the 
mines (first two miles). The Division has stocked native cut
throat trout approximately 2 miles above the town in Silver creek 
and they are doing relatively well.

The Dolores River was one of the target drainages to re-introduce 
the River otter, a State endangered species, but to our knowledge 
they are not present this far up the Dolores River drainage.

If I can help you further with your project please feel free to 
ask.

W/W EP. CLOSEOUT C^pv

Ruth Lewis Carlson 
Habitat Biologist

cc: dark, Zgainer, Lopez

UR* Ml @61
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Denver. < Colorado K(1225-0007

May 25, 1994

Mr. Mike Carr 
URS
1099 18th Street, Suite 700 
Denver CO 80202

Subject: Water Quality and Sediment Data on the Dolores River 

Dear Mr. Carr:

As per your request, I am enclosing the water quality and sediment data that 
Reclamation's Durango Office collected on the Dolores River. The samples span 
the period from 1989 through 1993. The data files are on the enclosed diskette 
in LOTUS* version 3.1 format. The water quality data are included in the file 
WTR-QUAL.WK3. The water quality data were analyzed at several different 
laboratories, which are identified in the data files. The sediment data are in 
the file named SEDIMENT.WK3. The sediment analyses were performed by the 
Geological Survey Geochemistry Branch Laboratory here in Denver.

As we discussed on the telephone, I am enclosing a copy of the preliminary draft 
of a report on the analysis of the Dolores data that I have been preparing. The 
report deals with the data collected through 1992. The additional water quality 
and sediment samples collected during 1993 were a result of the report. It 
should be noted that the enclosed report has undergone absolutely no review. I 
stopped work when it became apparent that the initial hypothesis on which the 
study was designed, i.e., that the source of mercury in fish in McPhee Reservoir 
was in the Rico Mining District, was not supportable based on the data. There 
were several alternative hypotheses that could be investigated. One of these 
concerned air-borne mercury from powerplants to the Bouthwest. An investigation 
conducted by the EPA's Environmental Monitoring and Support Laboratory in 
Las Vegas during 1977 indicated that the vast majority of the mercury emitted by 
the Four Corners Power Plant moved off site. A copy of the summary sheet from 
that report is also enclosed for your information. Another possibility was that 
the source of the mercury was a tributary nearer the reservoir. The 1993 samples 
focus on the lower reaches of the river. This aspect of the problem is not 
addressed in the report.

The enclosed report is very preliminary. It contains no discussion or 
conclusions. Any conclusions drawn from what iB presented in the report will 
have to be your own. I will respond to any questions that might arise in 
relation to the material in the report. I can be reached at 303/236-3778.

Sincerely,

Jim Yahnke
Hydrologist EPA CLOSEOUT COPY

Enclosures



DOLORES RIVER WATER QUALITY IMPROVEMENT STUDY 
Sample Station Locations

REVISED May 23, 1994

SURFACE MATER STATIONS:

STATION

DRDOL01T 
DRDOL02T 
DRDOL03T 
DRDOL04T 
DRDOL05T 
DRDOL06T 
DRDOL07T 
DRDOL08T 
DRD0L09T 
DRD0L10T 
DRDOL11T 
DROOL12T 
DROOL13T 
DROOL14T 
DROOL15T 
DRDOL16T 
DRDOL17T 
DRDOL18T 
DRD0L19T 
DRD0L20T 
DRD0L21T 
DRDOL22T 
DRDOL23T 
DRDOL24T 
DRDOL25T 
DRDOL26T 
DRDOL27T 
DROOL28T 
DRDOL29T 
DRDOL30T 
DRDOL31T 
DRDOL32T 
DROOL33T 
DRDOL34T 
DRDOL35T 
DRDOL36T 
DRDOL37T 
DRDOL38T 
DRDOL39T 
DRDOL40T 
DRDOL41T 
DRDOL42T 
DRDOL43T 
DRDOL44T

LATITUDE

37-46-27.5 N 
37-46-37.5 N 
37-43-31.25 N 
37-45-30.0 N 
37-47-18.75 N 
37-40-02.5 N 
37-39-38.7 N 
37-38-37.5 N 
37-35-13.75 N 
37-42-01.25 N 
37-43-25.0 N 
37-28-27.5 N 
37-37-16.0 N 
37-34-26.0 N 
37-30-59.0 N 
37-39-28.0 N 
37-34-14.0 N 
37-35-08.0 N 
37-35-57.0 N 
37-35-24.0 N 
37-34-43.5 N 
37-45-21.0 N 
37-46-47.0 N 
37-35-23.0 N 
37-28-06.0 N 
37-45-21 N 
37-43-42 N 
37-40-00 N 
37-43-31.25 N 
37-30-20 N 
37-45-46.25 N 
37-42-51.25 N 
37-37-1.25 N 
37-37-00 N 
37-34-31.25 N 
37-35-37 N 
37-35-47.5 N 
37-35-33.75 N 
37-34-59.12 N 
37-44-43.5 N 
37-44-00 N 
37-42-15 N 
37-42-15 N 
37-42-01.30 N

LONGITUDE

107-58-47.5 W
107- 58-43.75 W
108- 01-48.75 W 
108-07-38.75 W 
108-05-10.0 W 
108-02-12.5 W 
108-02-37.5 W 
108-03-26.25 W 
108-21-30.0 W
108-01-42.5 U 
108-01-50.0 W 
108-30-15.0 W 
108-03-42 W 
108-11-02 W 
108-22-47 W 
108-18-37 W 
108-38-01 W 
108-09-19 W 
108-06-23 W 
108-18-55 W 
108-14-02 W 
108-07-45 W 
108-05-14.5 W 
108-21-04.5 W 
108-30-26 W 
108-07-45 W 
108-15-39 W 
108-02-07 W 
108-01-48.75 W 
108-23-20 W 
108-59-26.25 W 
108-02-05 W 
108-5-27.5 W 
108-5-23.75 W 
108-17-30.06 W 
108-08-7.5 W 
108-07-45 W 
108-07-53.75 W 
108-17-47.5 W 
108-14-50 W 
108-44-00 W 
108-00-00 W 
108-00-50 W 
108-01-42.5 W

DESCRIPTION

Barlow CK. near mouth at the bridge
Dolores River just above confluence with Barlow Ck.
Dolores River at Peterson Slide 
Geyser Ck. near the mouth
West Dolores River approx.1/8 mile above Cold Ck.
Dolores River at Rico City Park
Scotch Ck. near the mouth just above the bridge
Dolores River at the Montelores Bridge
Dolores River approx. 1/8 mile above confluence with West Dolores River 
Silver Ck. near the mouth at the bridge 
Dolores River at the bridge above Rico
Dolores River at Dolores-USGS gauging station (sampled by Cortez)
Wildcat Creek near mouth
Bear Creek near mouth
Rock Spring Creek near mouth
Cottonwood Ck obout 0.25 mi. above West Dolores Road bridge
Taylor Creek near mouth
Priest bulch near mouth
Roaring Forks Ck near mouth
Stoner Creek near mouth
Fish Creek near mouth
Geyser Ck Hot Spring near West Dolores River below Geyser Ck
Cold Creek near mouth
West Dolores River near mouth
Lost Canyon Creek near mouth
West Dolores River below Geyser Creek by Hot Spring.
Fish Creek below spring and 1/4 mi. below DRD0L21T.
SPring or old mine flow below Rico CO above Rico City Park.
Spring of flow out of old buried mine shaft by DRDOL03T.
Outflow from Wallace Reservoir at mouth prior to Dolores River.
Coal Creek 1.5 miles down from confluence of Barlow and Dolores River. 
Horse Creek by ranger station north of Rico CO.
Tenderfoot Creek 1.5 miles below Wildcat Creek.
Tenderfoot Creek below pond 1.5 miles below Wildcat Creek.
Loading Pen Creek half-way between Taylor and Stoner Creeks.
Section House Creek 1 mile east if Priest Creek.
School House Creek obout 1.5 miles east of Priest Creek at DRD0L18T.
Rio Lado about 1.5 miles east of Priest Creek at mouth to Dolores River. 
Garrison Canyon Drainage and flows from Sutton and Knuckles Reservoir. 
Ground Hog Creek prior to Fish Creek 
Fish Creek above confluence with Ground Hog Creek
Silver Creek above mines-upper station (will show background quality) 
Silver Creek below settling ponds-midpoint station 
Deadwood Gulch Flow



DESCRIPTIONSTATION LATITUDE LONGITUDE

DRDOL45T NW1/4 SE1/4 SEC 5 T37 R14
DRD0L46T NE1/4 SE1/4 SEC 33 T38 R14
DRD0L47T 37-42-30.0 108-01-42.0
DRD0L48T 37-43-25.0 108-01-50.0
DRD0L49T 37-41-46.25 108-02-1.25
DRD0L50T 37-41-20 N 107-01-42.5 W
DRD0L51T 37-38-28.5 N 108-02-7.5 W
DRD0L52T 37-34-26 N 108-11-02 W

SEDIMENT STATIONS:

STATION LATITUDE LONGITUDE

D-1 37-46-37.5 N 107-58-43.7 W
D-10 37-35-17.5 N 108-21-08.75 W
0-11 37-28-28.75 N 108-30-09.63 W
D-12
D-13
D-14
D-15
D-16
D-2 37-41-20.0 N 108-01-42.5 W
D-3 37-43-25.0 N 108-01-50.0 W
D-4 37-41-46.25 N 108-02-01.25 W
D-5 37-42-01.25 N 108-01-42.5 W
D-6 37-38-28.5 N 108-02-07.5 U
D-7 37-39-53.75 N 108-02-30.0 W
D-8 37-39-38.7 N 108-02-37.5 W
D-9 37-38-31.25 N 108-02-07.5 W

Italian Canyon flow
Dolores River 1/2 mile below Station DRDOL30T 
Abandoned geothermal well by Argentina Mine above Rico 
Poor Boy Mine drainage
Dolores River just below confluence with Silver Creek (0-4)
Dolores River 2-miles above Rico (D-2)
Dolores River below Rico between tailings and old dump (at graveyard) 
Dolores River below confluence with Bear Creek

DESCRIPTION

Dolores River just above confluence with Barlow Ck.(DRDOL02T) 
Dolores River about 1/8 mi. above confluence with W Dolores R 
Dolores River at Dolores 
Dolores River at Peterson Slide (DRDOL03T)
Dolores River at Dolores (D-11) (DRDOL12T)
Dolores River 1/2 mile below DRDOL30T (DRDOL46T)
West Dolores River near the mouth (DRDOL24T)
Dolores River below confluence with Bear Creek (DRD0L52T)
Dolores River 2-miles above Rico
Dolores River at the bridge above Rico (DRD0L11T)
Dolores River just below confluence with Silver Ck.
Silver Ck. near the mouth at bridge (DRDOL10T)
Dolores River below Rico at graveyard
Dolores River just above confluence with Scotch Ck.
Scotch Ck. near the mouth just above the bridge (DRDOL07T) 
Dolores River at the Montelores Bridge (DRD0L08T)
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United States Department of the Interior

FISH AND WILDLIFE SERVICE

Western Colorado Office 
764 Horizon Drive, South Annex A 

Grand Junction, Colorado 81506-3946

Ecological Services

IN REPLY REFER TO

ES/CO:Nonfederal Informal Consultation 
MS 65412 GJ

May 24, 1994

R£C£/V£q P
^2 6 1994 I 

URS/arCs

Michael Carr 
Project Manager 
URS Consultants Inc.
1099 18th Street, Suite 700 
Denver, Colorado 80202-1907

Dear Mr. Carr:

This responds to your letter of April 20, 1994, requesting information on 
federally listed species in the Rico area. The following is a list of those 
species which may inhabit the area, or be effected by the proposed project.

Be advised that the Fish and Wildlife Service (Service) can enter into formal 
section 7 consultation only with another Federal agency or its designee.
Thus, this is not to be considered an "official species list" but rather 
informal consultation. Informal consultation includes all contacts, 
discussions, correspondence, etc. between the Federal agency or its designated 
nonfederal representative, and the Service, that take place prior to the 
initiation of any necessary formal consultation. If requested, we will submit 
an official list to the lead Federal agency. That agency would be required 
under section 7 (a) (2) of the Act to initiate formal consultation if it 
determines that its action may affect any listed species or its critical 
habitat. Although applicants may fill the role of nonfederal representatives, 
the ultimate responsibility for compliance with section 7 remains with the 
Federal agency.

We would like to bring to your attention species which are candidates for 
official listing as threatened or endangered species (Federal Register. Vol. 
56, No. 225, November 21, 1991). While these species presently have no legal 
protection under the Endangered Species Act (Act), it is within the spirit of 
the Act to consider project impacts to potentially sensitive candidate 
species. Additionally, we wish to make you aware of the presence of Federal

FEDERALLY LISTED SPECIES

Bald eagle 
Peregrine falcon 
Mexican spotted owl 
Colorado squawfish 
Humpback chub 
Bonytail chub 
Razorback sucker

Haliaeetus 1eucocephalus
Falco peregrinus
Strix occidentalis lucida
Ptychocheilus lucius
Gila cypha
Gila elegans
Xyrauchen texanus

6PA CLOSEOUT COPY
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Page 2

candidates should any be proposed or listed prior to the time that all Federal 
actions related to the project are completed.

The endangered and candidate fish species listed above do not occur in the 
project area, however, we consider the depletion of water from the upper 
Colorado River an adverse impact to the habitat for these species. 
Consequently, any activity authorized by the Environmental Protection Agency 
(EPA) that results in a net depletion of water from the upper Colorado River 
basin should trigger a "may affect" finding by the EPA and formal consultation 
with this office under authority of the Endangered Species Act.

We appreciate the opportunity to provide this information. If the Service can 
be of further assistance, please contact Michael Tucker at the letterhead 
address or (303) 243-2778.

FEDERAL CANDIDATE SPECIES

North American wolverine 
Northern goshawk 
Flannelmouth sucker 
Roundtail chub

Gulo gulo luscus 
Accipiter gentilis 
Catostomus latipinnis 
Gila robusta

Sincerely,

Keith L. Rose 1
Assistant Field Supervisor, Colorado

pc: FWS/ES, Golden
CDOW, Montrose

MTucker:R;coSpl.ltr:052494
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Mail Stop 6V4I2

United States Department of the Interior

FISH AND WILDLIFE SERVICE

biological Services 
('olorado Field Office 

730 Simms Street, Suite 290 
Golden, Colorado 80401

JUN l 7 1994

Michael V. Carr, Project Manager 
URS Consultants, Inc.
1099 18th Street, Suite 700 
Denver, Colorado 80202-1907

Dear Mr. Carr:

In response to your letter dated April 20, 1993, the U.S. Fish 
and Wildlife Service (Service) is providing the species list you 
requested for the Brighton-Ft. Lupton Landfill located in Weld 
County and the Rico-Argentine Mine located in Dolores County, 
Colorado. The following list of threatened, endangered, and 
candidate species should be helpful in your preparation of the 
environmental assessment for the project sites. These comments 
have been prepared under the provisions of the Endangered Species 
Act of 1973 (ESA), as amended (16 U.S.C. 1531 et. seq.).

The federally listed threatened and endangered species that could 
occur at or visit the proposed sites are:
(Weld County = W; Dolores County = D)

Birds: Bald eagle, Haliaeetus leucocephalus, Endangered (W,D)
Whooping crane, Grus americana, Endangered (W)
Least tern, Sterna antillarium, Endandered (W)
Piping plover, Charadrius melodus, Threatened (W) 
Southwestern willow flycatcher, Empidonax trailli 
extimus, Proposed Endangered (D)
Mexican spotted owl, Strix occidentalis lucida, 
Threatened (D)

Mammals: Black-footed ferret, Mustela nigripes, Endangered (W,D)

Plants: Ute ladies'-tresses orchid, Spiranthes diluvialis,
Threatened (W)

The Service also is interested in the protection of species which 
are candidates for official listing as threatened or endangered 
(Federal Register. Vol. 56, No. 225, November 21, 1991; Vol. 55, 
No. 35, February 21, 1990). While these species presently have 
no legal protection under the ESA, it is within the spirit of 
this act to consider project impacts to potentially sensitive 
candidate species. It is the intention of the Service to protect 
these species before human-related activities adversely impact 
their habitat to a degree that they would need to be listed and,




